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Wallace, Zebulon Charles. Ph.D. The University of Memphis. May, 2017. Disseminating 
Tornado Warnings to Rural Populations. Major Professor: Arleen Hill, Ph.D. 
Tornado warnings are a form of persuasive communication that are intended to motivate 
people to take protective action.  These warnings must reach all of the population 
exposed to the hazard no matter what time of day it is or where they are located.  To 
accomplish this, multiple platforms are used to disseminate warning information.  
However, there is little research dedicated to how effective these platforms are in rural 
communities. Additionally, fatality rates tend to vary among rural communities, 
particularly between Tornado Alley and Dixie Alley; two high frequency tornado areas of 
the U.S.  The objective of this research is to determine if differences in access, reliance, 
preference and trust in tornado warnings can explain patterns in fatality rates between 
rural communities.  Further, this work identifies resilience characteristics underutilized 
during times of emergency that could promote life-safety protective actions. A series of 
surveys conducted with National Weather Service forecasters, county-level emergency 
managers, and residents of communities in both Dixie Alley and Tornado Alley provide 
the basis for the findings of this research. The results for this work provide forecasters 
and emergency managers with a scientific basis for evaluating any misalignment of 
protocols or priorities to insure that the life-safety goals of warning communications are 
being met.  This dissertation research finds that while variations in platform access, 
reliance, and trust in sources do exist, residents in rural communities have access to 
multiple platforms.  Encouragingly, the warning messages are not only received, they are 
understood.  In fact, the missing link between an issued warning and residents 
participating in protective action is the lack of either shelter options or a plan.  Residents’ 
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awareness of the risk and vulnerabilities they are exposed to are found to be accurate, 
which provides a strong platform from which to address the preparedness and sheltering 
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Chapter 1:  Introduction 
  Communicating with residents exposed to tornado threats at the peak of risk is 
both a challenge and a loss reduction priority.  Paul (2011, p. 172) points out that 
“warnings must be designed to reach the entire at-risk population, no matter where they 
are or what time it is, and these warnings should instruct this population on what to do 
before, during, and after the disaster.”  To achieve that goal, several platforms are used to 
disseminate warning information, such as television, AM/FM radio, NOAA weather 
radios, outdoor warning sirens, telephones and text messaging, along with newer 
methods, such as smartphones and social media (Freeman 2012; Riddell et al. 2011).  
However, the accessibility, adoption, and preference of these methods as well as regional 
variations in access, adoption, and preference, particularly in rural communities, are 
largely unexplored. 
The goal of this work is to understand the weather warning information available 
to rural residents; to determine the accessibility of both warning message content and 
dissemination platforms; and to reveal the communication preferences of at-risk rural 
residents (at-risk refers to exposure to tornado threats; not vulnerability or special needs). 
Focusing entirely on rural communities to determine the characteristics of platform 
accessibility and preference strategically sought to promote individual decision-making 
and reduce the vulnerability of rural residents.  Understanding the preferred warning-
communication paths provides emergency managers a scientific basis for evaluating and 






Justification and Rationale  
 A common theme that arose at the 94th Annual Meeting of the American 
Meteorological Society (AMS) was the need for meteorologists to partner with social 
scientists.  While considerable attention has been dedicated to the design and 
dissemination of tornado warnings, teaming with social scientists is the next step in 
meeting the needs of the at-risk public.  As the EF5 tornado in Joplin, Missouri 
highlighted in 2011, disseminating messages that are confusing can have fatal 
consequences (Smith 2012).  Therefore, it is important for researchers to understand the 
ways that people receive and perceive the warnings in order to create messages and 
platform use policies that limit confusion.  The Joplin tornado experience revealed 
several warning communication short-comings, particularly with the use of the outdoor 
warning sirens, and served to remind us of the impact warning policies and practices have 
on public reactions and safety. 
A number of presenters at the 2014 AMS meeting considered the platforms most 
used by residents after a severe weather event, but they did not explore rural communities 
or ways that rural communities may face different communication realities than their 
urban counterparts.  The internet, social media, and smartphones were shown to be 
increasing in use to convey warning information (Mintmire et al. 2014; Silva et al. 2014; 
Stewart et al. 2014).  However, the effectiveness of these platforms in general or 
specifically in rural communities, where the chance of experiencing a tornado is higher, 
has not been established (Edwards 2011).  
The next step in warning improvement is to determine how rural populations are 
receiving tornado warnings, if they are using the newer platforms that are being designed, 
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and if they can access the new platforms if they desired.  This dissertation research takes 
this step by investigating four rural communities in two tornado prone regions, Dixie 
Alley and Tornado Alley.  These communities can help emergency planners identify the 
communication preferences of their constituents and determine if a gap exists between 
community preferences and current communication protocols.  Understanding the 
preferred warning-communication paths of the population provides a scientific basis for 
evaluating any misalignment of protocols or priorities and insures that the life-safety 
goals of warning communications are being met.  
 
Focus on Rural 
Since the 1950s and the rise of urbanization, there has been relatively little 
academic research devoted to rural areas (Wuthnow 2013).  However, 97 percent of the 
land area in the United States qualifies as rural, and rural residents comprise 
approximately one quarter of the U.S. population (Gilbert et al. 2010).  Developing 
multiple methods for message dissemination is very important (Mitchem 2003; Paul 
2011; Freeman 2012), but many options, such as text messaging, outdoor warning sirens, 
or social media and the internet, may not be equally available across the country. Finding 
new cost effective and efficient ways to communicate with larger audiences, while 
avoiding warning part of the audience numerous times while leaving others underwarned 
is a challenge.  Both extremes, saturation with multiple warnings and unwarning or 
underwarning, have significant implications for individual risk perception and warning 
responses.   
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Trying to find one platform to communicate tornado warnings is not feasible 
(Freeman 2012), especially between rural and urban populations.  These groups tend to 
be different demographically based on education attainment, age, and even 
socioeconomic status; rural communities also tend to have different social structures than 
urban communities (Gilbert et al. 2010), which means different availability and 
understanding of warning platforms.  Gilbert et al. (2010) suggest that rural residents tend 
to be older, less educated, less mobile, and of a lower socioeconomic status than their 
urban counterparts.  Previous studies have found how older and less educated people are 
less likely to respond to a warning (Edwards 1993; Farley et al. 1993; Liu et al. 1996; 
Mileti and O’Brien 1992), a point that should be considered when determining what 
platform will most likely initiate a response from these rural residents.  
In many rural locations local television news outlets do not exist, leaving 
residents to rely on regional or national news coverage (Beaudoin and Thorson 2004).  
For example, residents after the Hackleburg-Phil Campbell tornado on 27 April 2011 
reported that the news stations were focused on higher populated areas and did not report 
the tornado bearing down on them until it was almost too late (Wallace 2012).  Residents 
voiced their frustration with the news media during a wildfire disaster in California 
stating: “Most of the news media…are utterly clueless about anything in rural areas. They 
constantly gave out bogus information, like locations and directions that made no sense at 
all” (Shklovski et al. 2008, p. 130).    
This work bridges the gap within the hazards research arena to focus more on 
tornado warning communication in rural communities.  The literature shows how 
population diversity makes warning the public difficult, and it shows the differences 
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among urban and rural populations, both demographically and technologically.  This 
makes it important to determine what warning communication methods work specifically 
in rural communities rather than assuming that what works for an urban community will 
also be effective for rural locations.   
 
Research Questions 
This research examines four main questions.       
1. What platforms are accessible and used by rural residents to gather weather 
warning information? What patterns exist in accessibility and use?   
 
The first research question tests five hypotheses: 
H1: Platforms are equally accessible between study regions.  
H2: Platform use does not vary between study regions.  
H3: Residents rely on newer rather than traditional platforms to access daily 
weather information.  
 
H4: Residents rely on newer rather than traditional platforms to access severe 
weather information.  
 
H5: Platform reliance is the same for daily weather information compared to 
severe weather information.  
 
An emphasis for advancing warning dissemination through developing newer and better 
platforms persists.  Establishing if there are regional distinctions in platform accessibility 
and usage will address any gaps that are key to the implementation of such advances.  
While newer platforms may be accessible, residents may not be using these platforms for 
daily and severe weather information.  This question also explores whether the platforms 
relied on for daily weather information is different from the platforms relied on for severe 




2. What platforms are most preferred for gathering tornado warning information? 
 
The second research question tests three hypotheses:  
 
H1: Residents prefer newer platforms, such as apps and social media, over more 
traditional platforms.   
 
H2: The warning platform that residents prefer matches the one emergency 
managers want them to prefer.   
 
H3: Emergency managers’ perception of their resident’s platform preference 
matches the preferences residents report.  
 
Determining what platforms are preferred is fundamental to supporting the warning 
information needs of this population. There may be multiple platforms available, but the 
platform that residents prefer will most likely be the platform that influences action. This 
question also addresses how well the emergency managers understand the platform 
preferences of residents, and determines if residents are using the platforms that 
emergency managers prefer them to use for warning information.    
3. What sources of tornado warning information are most trusted by rural 
residents?  
 
The third research question tests two hypotheses:  
 
H1:  Residents trust all sources equally.  
H2:  Level of source trust does not vary between regions.  
The level of trust that residents have in particular sources to give accurate information 
may influence behavior and decision-making during a warned weather event, so this 
question focuses on trust.  Sources explored here include local broadcast meteorologists, 
the National Weather Service, emergency managers, and friends and family.  How well 
residents trust in a source will indicate the level of credibility that source has and in turn, 
how influential the source may be to inspire protective action.  
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4. What resilience characteristics of rural communities can be leveraged to support 
protective decision-making in the context of a tornado warning? 
 
Resilience characteristics refer to the factors that reduce vulnerability of the community 
before and during tornado events. While the roots of resilience are place and time 
specific, they are commonly associated with loss avoidance and therefore relevant to this 
research. These characteristics may provide additional sources of information that will 
help create resilient communities during times of emergency.   
 
Overview of Dissertation 
This dissertation is constructed as a series of refereed journal articles and is 
organized into seven chapters and four appendices.  The first chapter serves as the 
introduction and provides an overview of the communication issues in rural communities.  
This chapter also outlines the research questions guiding this research.  Chapter 2 
provides a review of relevant literature that informs this dissertation and includes: history 
of hazards geography; tornado hazards, warnings, and perceptions; and the rural context.  
Chapter 3 provides an overview of the data sources and the analysis methods used as well 
as a description of the study areas.  The fourth chapter explores the warning 
communication process from the perspectives of the forecaster (National Weather 
Service) and the responder (Emergency Manager) and identifies variations and challenges 
in communication strategies. This chapter is in press at the Papers in Applied Geography 
journal.  Chapter 5 focuses on residents specifically and identifies the platforms that are 
accessible, used, trusted, and preferred. This chapter has been prepared for submission to 
the Natural Hazards Review. In Chapter 6, the interaction between residents, NWS 
forecasters and emergency managers are explored.  This chapter investigates the 
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perspectives of NWS forecasters, EMs, and rural residents related to effectiveness of 
warning communication, message understanding, preferred platforms, and engagement in 
protective actions. This chapter has been prepared for submission to the International 
Journal of Mass Emergencies and Disasters. The final chapter provides the conclusions 
and contributions of this research as well as potential for future work and stitches 
together each chapter.  Following the final chapter are four appendices.  The first three 
provide the survey instruments used in this study, and are followed by the IRB Human 
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Chapter 2: Literature Review 
This work is embedded within the rich tradition of hazards geography that has 
taken a behavioral approach to understanding human response to hazards and disasters. 
Specifically, this dissertation research considers the actions taken by residents during 
tornado warnings and the platforms they rely on to get warning information.  This 
dissertation research is informed by previous work conducted within the hazards 
geography sub-discipline as well as a diverse set of related disciplines and traditions.  
The specific components of this literature review are: 
 History of Hazards Geography 
 Tornado Hazards, Warnings, and Perceptions 
 Rural Context  
 
History of Hazards Geography 
Geography is an interdisciplinary field that focuses on the interaction of social, 
physical, technological, and political systems; sharing interests, knowledge, and methods 
with many other fields (Kendra 2005).  Hazards research fits perfectly with the scope and 
traditions of geography due to its interdisciplinary nature, particularly within the human-
environment interaction tradition. The study of hazards, defined as a potential threat to 
humans and the things they value (Paul 2011), is one of the oldest research areas in the 
field of geography, beginning with Harlan Barrows (Kendra 2005). In 1923, during his 
Association of American Geographers Presidential Address, Barrows suggested that 
geography should be considered human ecology (Cutter et al. 2000); the interaction 
between people and the natural environment (Paul 2011). The human ecological 
perspective that Barrows put forth suggested a departure from the environmental 
determinism perspective that was prominent at the end of the nineteenth and early 
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twentieth centuries (Barrow 1923).  Though natural hazards research did not gain 
prominence until the 1950s, Barrows’ student, Gilbert F. White, would revolutionize the 
way geographers thought about the world by applying the human ecology approach to 
flood adjustments. White and his students, Kates and Burton, created a research 
perspective that would continue to oppose environmental determinism as Barrows had 
suggested in 1923 (Paul 2011). This perspective was also considered the behavioral 
approach in geography and set out to examine how people perceive their environment 
and how they make decisions based off of those perceptions.   
In the late 1920s, a major flood prompted the U.S. Army Corps of Engineers and 
others to find a way to respond to and limit flooding along major rivers (White 1973).  
The prominent solutions of the day were engineering based; designing and building 
structures that would alter the river system to reduce or eliminate flooding.  White 
recognized that while millions of dollars were being spent on flood control, losses 
continued and increased (White 1973).  He questioned the effectiveness of structural 
adjustments to flood control and observed that structural adjustments, such as dams and 
levees, initiated a troubling sequence of events.  The structures gave residents and 
communities a false sense of security, which in turn encouraged development of areas 
that otherwise would not be developed. After this development, if the structure failed, the 
losses incurred would be greater than if the structure had not been built (Slovic et al. 
1979).  White advocated for non-structural methods to reduce the risk of floods (White 
1964).  Land-use planning, where development in flood prone areas would be limited or 
sustainable, and flood insurance, where losses are transferred or shared, are examples of 
non-structural mitigation methods.  With the help of White, the National Flood Insurance 
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Program (NFIP) began in 1968 and though it might not have been as White had 
envisioned, it remains in use today as one of the nation’s most important mitigation 
strategies (Kendra 2005).  An unintended consequence of loss sharing strategies such as 
NFIP, is that people may choose to live in dangerous locations knowing that the 
individual loss burden is reduced; behavioral economists refer to this as a moral hazard 
(Cutter and Emrich 2006).    
The study of hazards eventually considered the ways that social structures may 
actually exacerbate the effect of disasters on people.  This paradigm was considered the 
political ecological approach, or the structural approach, and was primarily based on the 
political economy idea that capitalism created disadvantaged populations (Paul 2011). 
From political ecology came the development paradigm of hazards research, which 
focused more on the less developed countries of the world, where natural disasters 
created unusually severe consequences (Smith and Petley 2009). Disasters were 
considered the result of human actions rather than natural processes (Wisner et al. 2004); 
just as White (1945) had claimed much earlier when he said that floods are an act of God, 
but disasters are an act of man. This focus on the role of human/social processes as agents 
of disasters evolved into the vulnerability approach where social characteristics of a 
population received attention as driving disaster impacts (Hewitt 1983); ultimately the 
complexity paradigm of hazards research has emerged as the contemporary lens through 
which hazards, disasters, and vulnerability are considered.   The complexity paradigm is 
more holistic and considers the mutual interactions between nature and society; people 
become victims of environmental hazards because ‘human actions contribute to 
hazardous processes and disaster outcomes’ (Smith and Petley 2009).   
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Geographers were interested in how vulnerability varied across space, time, and 
scale.  For nearly two decades, geographers have worked to establish factors that define 
vulnerability and have sought to mitigate that vulnerability (Paul 2011). Social 
vulnerability can be defined as a measure of the capacity of an individual or group to 
anticipate, cope, resist, or recover from a hazard (Wisner et al. 2004).  Combining the 
social characteristics of vulnerability with the physical processes driving place-based 
exposure, led to the “hazards of place” approach, or “hazardscape” of a place (Cutter 
1996; Cutter et al. 2000).  This holistic placed-based consideration of vulnerability has 
helped direct resources before, during and after crises.  
Hazards geographers have also considered factors that reduce vulnerability and 
build resilience; factors such as health insurance, physician access, and transportation 
access (Cutter et al. 2016).  Another factor that has the potential to reduce social 
vulnerability is social capital. Specifically, social capital refers to the active connections 
and networks between people, and the shared norms, values, and understandings they 
have that lead to cooperation between and among groups (Stone 2001).  These networks 
allow for the sharing of information and resources that can strengthen solidarity within a 
community.  Social capital is shaped by the quality of relationships among individuals 
and is grounded in a particular place and time; making it an inherently geographical 
concept (Lo and Cheung 2016).  
 
Collaborations  
Geographers have worked closely with partners in sociology, anthropology, 
psychology as well as other fields including geology, planning, and engineering.  
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Sociology was one of the first disciplines to focus particularly on hazards (Quarantelli 
1988); some have said that sociology takes hazards as their specialty (Cutter 2001). 
Geographers and sociologists share quantitative methods, such as surveys and 
questionnaires, but they also share qualitative methods, such as focus groups and 
interviews (Kendra 2005).  In the early years of hazard research, sociologists and 
geographers focused on different aspects and divided the work into two separate areas 
(Kendra 2005).  Geographers used the human ecological approach as their entry into the 
field and used their knowledge of spatial systems and applications of scale as their 
strengths (Alexander 1993).  Sociologists approached the field with a focus on social 
organizations and responses; using the individual as their unit of analysis (Alexander 
1993).  Geographers tended to focus on the events that led to the disaster, such as White’s 
work on understanding development in floodplains, and sociologists tended to focus on 
how people responded to the disaster. With time this loose dichotomy has blurred as both 
geographers and sociologists are interested in risk perceptions (intuitive risk judgments), 
decision making based on perceptions, and effective risk communication (Kendra 2005).  
 Anthropology has also been a major contributor, bringing the knowledge of 
culture and social interactions to the field (Henry 2005; Oliver-Smith and Hoffman 2002; 
Oliver-Smith 1996; Oliver-Smith 1999).  The impact of disasters on social development 
and the response of people in developing nations (Alexander 1993), has received 
attention from anthropologically trained disaster researchers.  The holistic and 
comparative methods of anthropology take into account the relationships between 
cultural, social, political, economic, and environmental domains (Henry 2005).  Through 
ethnographic research methods, anthropologists invest valuable time into the community 
16 
 
in order to record detailed information about the inner workings of society at a 
community level.  On-site ethnographic research has the power to understand how people 
respond to risk, threat, vulnerability, impact, and recovery, and this ethnographic 
approach allows anthropologists to “inform the structure of aid as well as to project the 
possible distribution of effects of a disaster throughout a social system” (Oliver-Smith 
and Hoffman 2002).  Often communities have been revisited over time to track changes 
in behavior and activities.  Therefore, when disaster strikes, anthropologists understand 
the way the community operates, and can be a mediator in the recovery effort.   
Anthropologists have given voice to those who may not otherwise be heard in 
disaster situations. This was demonstrated by Farmer, a medical anthropologist, after the 
2010 earthquake in Haiti.  Farmer and others organized a campaign called Voices of the 
Voiceless, which gave the Haitian people an opportunity to have a part in the 
reconstruction process (Farmer 2012). Anthropologists participate directly with people 
and learn what survivors actually want and need, and then they work to provide it.  This 
demonstrates how anthropologists have been an asset for places affected by a disaster, 
especially in the developing world where their focus has primarily been (Henry 2005).    
Hazards are truly an interdisciplinary concern (Montz and Tobin 2011); where 
each discipline brings their strengths and knowledge to cooperatively advance the 
hazards research field. Ultimately, these disciplines share a common goal to achieve an 
affective loss reduction strategy.  This dissertation is informed by and situated within the 
disaster research context described above; the next section of this literature review 




Tornado Hazards, Warnings, and Perceptions 
 
The United States experiences more tornadoes than any other country in the world 
(Ashley 2007), with an average of 1,200 a year (NSSL 2017).  Tornado incidents cause 
sixty deaths on average each year and injure 1,500 people, with estimated damages of 
over $400 million (NOAA 2009).  Over the last 30 years, tornado fatalities have ranked 
the third highest, after heat and floods (NOAA 2016), and have caused the highest 
number of billion-dollar disaster events in the United States (NCEI 2017).  While 
property damage has increased in the last several decades, due in part to higher 
population density and rising property values, fatalities have decreased (Boruff et al. 
2003).  This decline in fatalities is the result of better warning systems that have made 
significant advances within the last 50 years.  
 
 Tornado Warning History  
The warning process has advanced since the early and mid-twentieth century.  In 
1925, the United States experienced a deadly tornado disaster known as the Tri-State 
Tornado, which killed 695 people and was on the ground for 219 miles (Akin 2004).  
After this event, the need for a warning system was realized and acted on.  However, in 
those early days, meteorologists were discouraged from using words that could generate 
either panic or be considered a false alarm (Coleman et al. 2011).  For example, 
meteorologists were reprimanded if they used the term tornado, even if they had visual 
confirmation of a tornado (Smith 2010), out of concern the public would panic and be put 
at risk rather than protected from risk.   
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U.S. Air Force forecasters Fawbush and Miller were the first to issue a tornado 
warning from Tinker Air Force Base on 25 March 1948 (Doswell et al. 1999); this was 
unprecedented at the time.  Meteorologists who worked for private companies were told 
not to include the word tornado because they were not in the tornado warning business 
(Smith 2010).  However, as time went on, meteorologists considered getting the warnings 
out to the public more important than job security.  Their understanding of the 
atmosphere and tornado formation improved during the preceding decades.  Spotter 
networks grew, giving meteorologists eyes on the ground and allowing them to see what 
a tornado looked like on radar.  Advances in technology, such as Doppler radar, have 
been credited with saving thousands of lives (Smith 2010).  The development of the 
Weather Surveillance Radar1988 Doppler (WSR-88D) allowed for a greater 
understanding of tornado formation and for longer warning lead times (Boruff et al. 
2003). The combination of radars into a network, known as NEXRAD, has also been 
extremely beneficial for meteorologists tracking storms from other geographic regions.  
These advancements are credited with increasing the average tornado lead time to 13 
minutes and reducing the number of unwarned tornadoes to near 25 percent (Brotzge and 
Donner 2013).  
The warning issuance process has also changed.  On 1 October 2007, the National 
Weather Service began issuing storm based warnings (SBW), which replaced the tornado 
warnings based on geopolitical boundaries, such as counties (Coleman et al. 2011).  
However, even though the technology exists, not everyone uses it.  While a tornado in the 
northeastern part of a county moving to the east may not have an impact on the majority 
of residents, the whole county may still be warned.  SBWs can save people unnecessary 
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time sheltering and can save thousands of dollars (Sutter and Erickson 2010).  Some 
emergency managers may warn the entire county because it is quicker than determining 
what sirens are within the warning polygon. Other emergency managers may not have the 
capability to activate individual sirens.  People are also accustomed to hearing the sirens, 
even if they are not in the path of the storm, and they may dismiss the sirens and 
warnings if they still think that the whole county is being warned; thinking they are not in 
the path. 
Meteorologists are also concerned with message content, including wording, 
images, and maps.  Warnings are a form of persuasive communication; they are issued 
with the intent to motivate recipients to take protective action.  Unfortunately, on the path 
from sender to recipient, confusion and miscommunication can undermine the message. 
The emerging partnership between meteorologists and social scientists seeks to design 
messages and graphics that limit miscommunication (Casteel and Downing 2013; Miren 
et al. 2016).  Ash et al. (2014) surveyed students at the University of South Carolina to 
determine their perception of the current SBW polygon warning. The survey also 
presented probability graphics where levels of risk were color coded.  Results reveal that 
individuals interpreted coloration differently, leading to divergent perceptions of where 
the tornado threat was the highest. Efforts like this demonstrate how meteorologists are 
continuously seeking ways to better warn the public.  
 
 Risk Perception   
Meteorologists and social scientists are not only interested in how people interpret 
and respond to warning message content, but they are also concerned with how people 
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perceive their risk (Paul 2011).  Risk is defined as the probability that an event will occur 
multiplied by the consequences of the event (Paul 2011).  Risk perception refers to 
intuitive risk judgments of individuals which exerts a strong influence on individual’s 
level of preparedness (Slovic 1987).  Individuals with a heightened perception of risk to 
tornadoes will not only be more likely to heed warnings issued but will also be more 
likely to take actions to reduce the impact of the hazard (Mileti and O’Brien 1992).  On 
the other hand, those with a reduced perception of risk are more likely to dismiss 
warnings and fail to take protective measures (Riad et al. 1999).   
 Risk perception is not static.  Importantly, our perceptions of risk can differ 
significantly from the actual levels of risk (Slovic 1987).  Further, experts and the general 
public tend to view risk rather differently (Otway and Winterfeldt 1992). Experts 
typically view risk as an objective measurement, and they perceive risk as the probability 
of loss or fatalities (Slovic 1987; Slovic et al. 1979).  However, to the public, risk 
perception is a subjective understanding of the danger they face (Slovic 1992).  Factors 
that inform this subjective assessment of risk include: the individual’s experience, 
knowledge/understanding, situational characteristics such as surroundings and social 
environment, and demographic characteristics. Slovic (1987) recognized that people tend 
to experience hazards through the media and that those sources can either attenuate or 
amplify the person’s perception of risk. Kasperson (1992) coined the term Social 
Amplification of Risk to capture the combination of these influences. The attenuation or 
amplification of risk not only creates widely varying perceptions within a community, but 
also creates perceptions that may be widely mismatched with actual risk (Otway and 




 The preceding research has demonstrated the advancements in tornado warning 
communication and the impact of risk perception.  This dissertation investigates the 
impact that these advances and perceptions have on rural residents.  Demographic 
differences exist between urban and rural populations, and these differences have 
implications for both how risk is perceived and how warnings are received and acted on.  
Rural residents tend to be older, less educated, less mobile, and of a lower socioeconomic 
status than their urban counterparts (Gilbert et al. 2010), which are all indicators of social 
vulnerability.  Rural communities also face different challenges than urban communities.  
For example, rural residents may lack the resources needed after a disaster, which would 
also make them more vulnerable to environmental hazards. However, rural residents do 
tend to be self-reliant with a “strong sense of community; knowledge of and ties to 
natural resources; and strong social networks” that makes them resilient (Cutter et al. 
2016).  Donner (2007) asserts that these strong social links in rural communities lowers 
vulnerability by expanding the scope and availability of potential sources of weather 
information, access to shelters, and other resources that help facilitate protective action.  
Donner (2007) even suggests that urban residents are more vulnerable than rural residents 
because of the greater understanding of environmental cues that is found in rural 
communities.  Rural residents tend to know one another better than urban residents (Dunn 
2011), in part due to the increased and sustained interaction among residents (Hofferth 
and Iceland 1998). This research examines these resilient factors to see how they 





Defining rural can be difficult as there are different measures used for identifying 
rural.  Rural communities are typically defined based on population size and distance 
from urban centers (Flora et al. 1992).  Along with population size and distance (or 
remoteness), population density is also a determining factor for rural (Hewitt1989).  The 
U.S. Census Bureau defines urban as having a population of at least 2,500 people and 
rural as any population, housing, or territory outside urban areas (2010).   The U.S. 
Department of Agriculture divides counties along a continuum of metropolitan (metro) 
and nonmetropolitan (nonmetro).  Metro counties are based on population size and 
nonmetro counties are identified based on degree of urbanization and adjacency to metro 
areas (USDA 2013). Each county is given a code based on their level of urbanization. 
Codes 1 through 3 represent metro counties and codes 4 through 9 represent nonmetro 
counties (Table 2-1). Communities selected for this study were chosen from counties 
with codes of 7 or 9.   
     
Summary 
This literature review conveys the interdisciplinary nature of hazards research as 
well as the role of geography and geographers in the developments within the research 
area. This dissertation builds on previous research focusing on tornado warning 
communication and extends it to focus in rural communities. While rural communities 
are often impacted by tornado events, they have rarely received research attention.  Also 
prevalent in recent hazards research is the role of social capital and social vulnerability; 
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this dissertation applies a placed-based approach that serves to confirm or challenge 
social vulnerability and social capital concepts within the rural context.   
Table 2-1: USDA Rural-Urban Continuum Codes, 2013 
Code Description 
Metro counties: 
1 Counties in metro areas of 1 million population or more 
2 Counties in metro areas of 250,000 to 1 million population 
3 Counties in metro areas of fewer than 250,000 population 
Nonmetro counties: 
4 Urban population of 20,000 or more, adjacent to a metro area 
5 Urban population of 20,000 or more, not adjacent to a metro area 
6 Urban population of 2,500 to 19,999, adjacent to a metro area 
7 Urban population of 2,500 to 19,999, not adjacent to a metro area 
8 Completely rural or less than 2,500 urban population, adjacent to a metro area 
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Chapter 3: Data, Methods, and Study Areas 
Introduction 
This dissertation is situated within the context of behavioral geography and 
specifically considers the spatial behavior of individuals with regards to warning 
messages and protective action decision-making, such as taking shelter.  Ultimately, the 
decision-making process of individuals during a warned-weather event is based on 
individual perceptions and experience; an example of behavioral geography (Jacobson 
2006).  The data and methods used in this dissertation are strongly aligned with and 
informed by behavioral geography. 
 
Data 
 This dissertation uses a series of surveys as primary data collection tools.  The 
first survey was conducted on a national scale and collected information from National 
Weather Service (NWS) offices around the country.  The NWS has 122 Weather Forecast 
Offices (WFO) and invitations were sent to 120 of those offices (Puerto Rico and Guam 
were not recruited to participate).  A total of 36 surveys were submitted for a response 
rate of 30 percent.  The survey instrument was administered online and had 20 closed and 
open-ended questions; collecting data and observations related to the warning process, 
public understanding of watches and warnings, community involvement, social media 
usage, and storm spotter training.   
 The second survey collected information at a regional scale from county-level 
emergency managers.  Participants for this online survey were selected through purposive 
sampling. This sampling strategy insured that emergency managers in tornado prone 
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regions where NWS surveys were submitted received an invitation to participate.  Out of 
the 256 invitations sent, a total of 54 surveys were submitted for a 21 percent response 
rate. Questions on this survey investigated communication practices, weather information 
sources utilized, platforms used to disseminate warnings, perception of resident 
understanding/knowledge, and resident warning platform preferences.   
 The final survey was administered at the local scale to residents in four rural 
communities.  Given this dissertation’s focus on tornado hazards, study communities 
were selected from two major tornado regions in the United States; Tornado Alley and 
Dixie Alley.  Two communities from each region were selected (convenience sample) in 
order to compare responses within regions and between regions.  For communities to be 
selected, they had to be located within both the coverage area of a NWS office that 
completed a previous survey, as well as within a county where the emergency manager 
completed a survey.  Additionally, communities had to be located within a 
nonmetropolitan county; population less than 50,000 (Flora and Flora 2013). The county 
also could not be adjacent to a metro area, and the urban population of the county had to 
be less than 20,000 (USDA 2013). There were a total of nine counties in Tornado Alley 
and six counties in Dixie Alley that met these criteria.  The two counties from each 
region were randomly selected.  Within each county the specific communities selected 
had to have a population of less than 2,500; each county had between six and twelve 
communities which met all study criteria.  The final study communities were randomly 
selected from these options using a random number generator.   
Unlike the other two surveys that were administered online, the resident survey 
was a mail survey.  The decision was made to use mail surveys in order to reduce the bias 
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that may incur by including only residents with online access.  In total, 114 surveys were 
returned for an overall response rate of 17 percent.  Questions on the survey focused on 
platforms that are accessible and relied on, sources that are trusted, sheltering practices, 
communication issues, and general weather information. 
 
Platform Selection 
 This study investigates what platforms residents use and prefer to receive and 
retrieve weather information. The term platform in this dissertation refers to the devices 
or applications the public use to receive/retrieve information.  The platforms included in 
the surveys represented the most recognized and nationally adopted platforms that are 
used to disseminate and collect weather information.  Aside from NOAA weather radio, 
other commercial products, such as ALERT FM, Reverse 911, and Wireless Emergency 
Alerts (WEA), were not specifically considered due to their present lack of national 
recognition or adoption by the public.  However, respondents were given the opportunity 
to share other platforms they use in addition to the platforms explicitly included on the 
survey.              
 
Method   
This dissertation takes a mixed methods approach and uses survey instruments to 
collect both quantitative data through Likert-style questions and qualitative data through 
open-ended questions.  Since the 1980s and 1990s, researchers have been using mixed 
method approaches more frequently.  This approach is based on pragmatism, which 
suggests that the research design should incorporate the data and analysis techniques that 
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best answer the research questions (Johnson and Christensen 2004).  Advocates of mixed 
method approaches say that combining quantitative and qualitative methods strengthens 
the results of the analysis (Jick 1979). The most common form of mixed methods 
research uses one method to confirm, clarify, or enhance the results of another (Frels and 
Onwuegbuzie 2013; Greene et al. 1989).  This study uses this approach to clarify findings 
that may not be clear from the quantitative survey results and uses qualitative analyses for 
a deeper understanding of the findings through open-ended questions.   
Quantitative research uses statistical, mathematical, or numerical data and takes 
on a confirmatory approach.  The quantitative method focuses on deductive reasoning by 
testing hypotheses and theories and uses detailed and planned instruments to collect the 
data, such as surveys (Johnson and Christensen 2004).  The quantitative data in this study 
are analyzed through descriptive or inferential statistics in SPSS to determine 
relationships between the data and to find common patterns that can be generalized.  
The qualitative method is an exploratory approach that seeks to describe and 
explain patterns of relationships (Johnson and Christensen 2004).  Qualitative researchers 
try to understand people’s experiences and individual perspectives.  The qualitative 
portion of this dissertation uses open-ended questions to allow respondents to share their 
experiences and perspectives of various warning related experiences, such as tornado 
experience, warning communication understanding, and influences for protective action.  
Data collected through open-ended questions are analyzed through content analysis to 
find themes, behaviors, and ideas.  For example, an open-ended question that asked 
residents to describe the factors that contribute to their decision to shelter resulted in 
participants revealing general themes related to environmental cues, shelter options, 
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experience, etc.  Each statement was categorized by theme and then analyzed through 
descriptive statistics to generate frequency counts of each theme.    
 
Study Areas 
Four rural communities were selected to gain a better understanding of how 
residents receive warning information and the sources they trust and prefer.  The 
communities are located within Tornado Alley and Dixie Alley; two high frequency 
tornado regions in the United States (Figure 3-1). This section describes these two 
regions along with the four communities selected for this study.  Demographic 



















Tornado Alley is a region of high tornado occurrence in an area of the Great 
Plains and Midwest.  Designating the boundaries of this region has been debated ever 
since the term was first used back in 1952 by Fawbush and Miller; the first to issue a 
successful tornado warning in 1948 at Tinker Air Force Base (Dixon et al. 2011). 
Fawbush and Miller studied severe weather activity from north Texas to eastern Colorado 
and into Nebraska in a project they termed, “Tornado Alley” (Gagan et al. 2010). While 
the spatial extent of this region has many interpretations, this dissertation follows the 
designation of Gagan et al. (2010), who base their distinction on a collective of published 
perceptions. Tornado Alley, as defined by Gagan et al. (2010), has a population of 
17,824,023 and covers 407,734 square miles, including all of Nebraska, Kansas, 
Oklahoma, and a large portion of northern and central Texas (Gagan et al. 2010).     
 
Dixie Alley 
Grazulis (1993) determined that there is more than one tornado alley and further 
suggested that any area that experiences above average tornado activity is a ‘tornado 
alley.’ Dixie Alley, located in the southeastern United States, is considered one of those 
regions that have a high tornado occurrence. The first use of the term was by former 
National Severe Storms Forecast Center Director, Allen Pearson, after the Mississippi 
Delta Tornado outbreak in February 1971 (Gagan et al. 2010).  To designate the borders 
of Dixie Alley, Gagan et al. (2010) used statistical analysis from previous studies that 
indicated prominent tornado activity in the southeast (Figure 3-1).  Gagan et al. 
calculated Dixie Alley’s population at 24,948,345 with a spatial extent of 276,890 square 
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miles, including the entire states of Arkansas, Louisiana, Mississippi, Alabama, Georgia, 
and western and central Tennessee (Gagan et al. 2010).       
 People tend to believe that the greatest risk of tornadoes is found in Tornado 
Alley.  However, the southeast is particularly susceptible to strong or killer tornadoes.  
Gagan et al. (2010) compared the two regions and found that the fatality rate of strong 
tornadoes (EF2 or greater) is twice as high in Dixie Alley as in Tornado Alley. There are 
several possible reasons for higher fatality rates in Dixie Alley. For one, Dixie Alley has 
a 50 percent greater chance of strong tornadoes in the overnight hours (Gagan et al. 
2010). Also, higher fatalities may be associated with the higher density of mobile homes 
in the southeast (Ashley 2007).  Additionally, while Tornado Alley has a distinct season 
where meteorologists, emergency managers, and the media can focus preparedness 
activities (March to June), Dixie Alley has the potential to experience strong, killer 
tornadoes throughout the year (Gagan et al. 2010).  With various differences between the 
two regions, steps to refine and focus risk communication to residents who may have 
different perceptions of tornado risk is an important life-safety goal. Comparing the 
platforms that residents use to receive warning information and the sources they trust is a 
step towards that end. 
  
Tornado Alley Study Communities 
The two communities selected in Tornado Alley were Mankato and Stockton 
Kansas. Mankato is the county seat of Jewell County, located in the north central part of 
the state (Figure 3-2).  The community population is approximately 840 (U.S. Census 
2015a) with a county population of 2,970 (U.S. Census 2015b) (Table 3-1).  The town is 
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approximately 150 miles north of Wichita, Kansas and approximately 107 miles 
southwest of Lincoln, Nebraska.  Jewell County is 910 square miles with a population 
density of 3.8 per square mile (U.S. Census 2015b).   
The county is located in the County Warning Area (CWA) for the Hastings 
National Weather Service Weather Forecast Office (WFO) in Hastings, Nebraska.  Jewell 
County has experienced 43 tornadoes since 1950, six of these were F3/EF3 tornadoes.  
Losses attributed to these 43 tornadoes include a total of eleven injuries and no fatalities.  
The most recent tornado day was in 2015 on May 6 with five tornadoes EF2 and lower.  
The last EF3 to strike the county was in 2013 and caused one injury.  The town of 
Mankato last experienced a tornado (F1) in 1959 that brushed the northwest corner of the 
town. Though the town has not been directly hit by a tornado, they have had some near 









     
 
 Figure 3-2. Study communities. Tornado Alley communities designated 
by green markers within blue counties; Dixie Alley communities 
designated by green markers within red counties.  
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Stockton, Kansas has a population of 1,322 (U.S. Census 2015a) and is the county 
seat of Rooks County (Figure 3-2). The county has a population of 5,174 (U.S. Census 
2015c) and is located in the north central part of the state; approximately 200 miles 
northwest of Wichita, Kansas.  Rooks County is 890 square miles on the eastern edge of 
the Great Plains, with a population density of 5.8 per square mile (U.S. Census 2015c).   
Rooks County is also located within the warning area for the Hastings National 
Weather Service WFO out of Nebraska.  The county has experienced 49 tornadoes since 
1950 with five injuries and no fatalities.  There have been three F3s, the most recent in 
1991, and one F4 in 1985.  Stockton had an F1 move through the center of town in 1964 
and an F1 brush the north side of town in 2005. (Lietz 2016)   
 
Dixie Alley Study Communities 
   The two communities selected in Dixie Alley were New Houlka, Mississippi and 
Hornbeak, Tennessee.  New Houlka is located in Chickasaw County in northeastern 
Mississippi (Figure 3-2).  The population for the town is 613 (U.S. Census 2015a) with a 
county population of 17,311 (U.S. Census 2015d). The town is approximately 92 miles 
southeast of Memphis, Tennessee and approximately 130 miles northwest of 
Birmingham, Alabama.  Chickasaw County is 501 square miles and has a population 
density of 34 per square mile (U.S. Census 2015d).   
Chickasaw County is located within the CWA for the Memphis National Weather 
Service WFO.  The county has experienced 22 tornadoes since 1950 with three of those 
rating F3/EF3.  Two EF3s occurred on 27 April 2011 and caused four fatalities and 50 
injuries.  The town of New Houlka has only experienced one tornado that traveled 
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through the center of town in 1992.  That tornado was an F1 and caused two injuries. 
(Lietz 2016)   
 The second Dixie Alley study community was Hornbeak, Tennessee, located in 
Obion County in the northwestern part of the state (Figure 3-2).  The population of the 
town is 409 (U.S. Census 2015a) with a county population of 30,639 (U.S. Census 
2015e). The town is approximately 100 miles north of Memphis, Tennessee and 80 miles 
south of Paducah, Kentucky.  Obion County is 545 square miles with a population 
density of 58 per square mile (U.S. Census 2015e).   
Obion County is also located within the warning area for the Memphis National 
Weather Service WFO. The county has experienced 12 tornadoes since 1950; all F2/EF2 
or weaker. The two most recent occurrences were in 2014, where an EF1 and EF2 moved 
through the county.  However, Hornbeak has never experienced a tornado nor has a 
tornado come close to striking this small town in the last 67 years. (Lietz 2016) 
The chapters that follow describe the specific details of sampling strategy and 
survey design for the three survey groups.  Chapter four focuses on professional 
perceptions and warning processes based on two online surveys administered to National 
Weather Service forecasters and county-level emergency managers. Chapter five presents 
the access, trust and preferences of residents based on the resident mail survey. Finally, 
chapter six stitches the professional and resident perspectives together to focus on 






Table 3-1. Study Community Demographics 
 Mankato Stockton New Houlka Hornbeak 
Population     
      Overall 840 1,322 613 409 
Gender 
      Male 














      18 to 24 
      25 to 44 
      45 to 64 





















      Median 50.8 38.7 32.5 49 
Income (Household) 
      Less than $10,000 
      $10,000-$24,999 
      $25,000-$49,999 
      $50,000-$74,999 


























      Less than High School 
      High School 
      Some College/Vocational 
      Undergraduate Degree 







































Ashley, Walker S. (2007). Spatial and Temporal Analysis of Tornado Fatalities in the  
    United States: 1880-2005. Weather and Forecasting, 22, 1214-1228. 
Dixon, Grady P., Mercer, Andrew E., Choi, Jinmu, and Allen, Jared S. (2011). “Tornado  
    Risk Analysis: Is Dixie Alley an Extension of Tornado Alley?” Bulletin of the  
    American Meteorological Society, 92(4), 433-441. 
Flora, Cornella Butler and Flora Jan L. (2013). Rural Communities: Legacy and Change  
    – Fourth Edition, Westview Press, Boulder, CO. 
Frels, Rebecca K. and Onwuegbuzie, Anthony J. (2013). Administering Quantitative  
    Instruments with Qualitative Interviews: A Mixed Research Approach. Journal of  
    Counseling & Development, 91, 184-193. 
Gagan, John P., Gerard, Alan, and Gordon, John. (2010). “A Historical and Statistical  
    Comparison of “Tornado Alley” to “Dixie Alley.”” National Weather Digest, 34(2),  
    146-155. 
Grazulis, Thomas. P. (1993). Significant Tornadoes,1680-1991, Environmental Films.   
Greene, J.C., Caracelli, V.J., and Graham, W.F. (1989). Toward a conceptual framework  
    for mixed-method evaluation designs. Educational Evaluation and Policy Analysis, 11,  
    255-274. 
 
Jacobson, R. D. (2006). Behavioral Geography. In Warf, B. (Ed.) Encyclopedia of  
    Human Geography. (pp. 17-18). London: Sage. 
 
Jick, Todd D. (1979). Mixing Qualitative and Quantitative Methods: Triangulation in  
    Action. Administrative Science Quarterly, 24(4), 602-611). 
 
Johnson, Burke and Christensen, Larry. (2004). Educational Research: Quantitative,  
    Qualitative, and Mixed Approaches, Second Edition. Boston: Pearson Education, Inc.  
 
Leitz, Joshua. (2016). Tornado History Project. Retrieved from  
    http://www.tornadohistoryproject.com/.   
 
U.S. Census Bureau. (2015a, July 1). American FactFinder. Retrieved from  
    http://factfinder.census.gov/faces/nav/jsf/pages/community_facts.xhtml?src=bkmk.   
 
---- (2015b, July 1). QuickFacts: Jewell County, Kansas. Retrieved from  
    http://www.census.gov/quickfacts/table/PST045215/20089.   
 
---- (2015c, July 1). QuickFacts: Rooks County, Kansas. Retrieved from  




---- (2015d, July 1). QuickFacts: Chickasaw County, Mississippi. Retrieved from  
    http://www.census.gov/quickfacts/table/PST045215/28017,28,00.   
 
---- (2015e, July 1). QuickFacts: Obion County, Tennessee. Retrieved from  
    http://www.census.gov/quickfacts/table/PST045215/47131.   
 
U.S. Department of Agriculture. (2013). Rural-urban continuum codes: Documentation.  
    Washington, D.C.: U.S. Department of Agriculture, Economic Research Service.  






















Chapter 4: Forecaster and Emergency Manager Perspectives on Coordination and 




Given the large U.S. population exposed to severe thunderstorms and tornadoes, 
communicating warning information is a key component for life-safety.  The U.S. 
National Weather Service (NWS) and emergency management agencies work together to 
provide and distribute critical and timely information associated with specific severe 
weather events. The agencies share life-safety and preparedness as the core of their 
information dissemination and coordinate and cooperate to accomplish the tasks of 
educating and warning at-risk populations.  Providing “forecasts and warnings for the 
protection of life and property” is the NWS mission (National Weather Service 2016a); 
while the vision of emergency management is “to promote safer, less vulnerable 
communities with the capacity to cope with hazards and disasters” (Federal Emergency 
Management Agency 2007).  The complementary nature of these missions and goals 
compels a variety of approaches with variance within and across agencies.  For example, 
the individual offices that comprise the NWS have the same mandate when issuing 
warnings, watches, and emergencies but their issuance may vary spatially across the 
United States.  Variations in the actual implementation of communication strategies are 
senstive to both the physical characteristics of a place (such as climatological regions) 
and to the specific experiences of the population (such as personal tornado experience).  
The diversity in severe thunderstorm/tornado exposure; resident experience; as 
well as local variations in emergency management resources, provide an opportunity to 
highlight and share best-practices across regions as well as provide applications and 
43 
 
extensions to other hazard types. To that end, this paper sought to establish the nature of 
the relationship between regional NWS Forecast Offices and county-level emergency 
management agencies. Specifically, variations in how coordinated the professionals are 
with each other and how engaged they are with local communities were determined. This 
paper explored two primary research questions relating to interaction and perceptions: 
1) Are there variations in the frequency of interaction between agencies or with 
the public?   
2) Do forecasters and emergency managers (EMs) have the same or different 
perceptions of how residents understand the risk information they receive?   
Documenting and describing the complementary missions and approaches of these two 
professions provides a foundation for enhancing the delivery of risk-information to at-
risk residents, promoting preparedness and more specifically, protective action efforts 
with implications for strengthening resilience.    
Background 
The NWS is divided into 122 Forecast Offices across the country where each 
office is typically responsible for a County Warning Area (CWA) encompassing 20-50 
counties (National Weather Service 2016b). These offices are grouped within one of six 
regions: Eastern, Southern, Central, Western, Alaska, and Pacific. The primary focus for 
the NWS is on forecasts, warnings, and storm spotter training, while information/warning 
dissemination falls primarily to the EMs and the media (Doswell et al. 1999). The 
principal way that the NWS disseminates warning information directly to the public is via 
the NOAA weather radio (Doswell et al. 1999) and the internet, which serves as a 
platform for accessing web-based content (Brotzge and Donner 2013). Even though 
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NOAA weather radios serve as an immediate and direct warning method, the number of 
people who actually own a weather radio is considerably low (Brotzge and Donner 2013).  
EMs serve as an essential link between the NWS and the public (Baumgart et al. 
2008), and they are responsible for areas at a smaller scale than the NWS, such as a 
county or a city within a county (Brotzge and Donner 2013). Typical responsibilities for 
EMs are focused on preparedness and response activities, including operational duties, 
such as opening shelters, communicating with first responders, coordinating response and 
recovery efforts, and operating warning alert systems, such as outdoor warning sirens or 
reverse 911, an automated call-out system to residents within a specific geographic area 
(Baumgart et al. 2008; Brotzge and Donner 2013; Doswell et al. 1999; League et al. 
2010).  EMs have varied training and tools accessible to them, such as radar and 
dissemination platforms. Specific responsibilities and experience of EMs vary by 
jurisdiction (Baumgart et al. 2008). EMs gather information from multiple sources, 
including the NWS, storm spotters, and first-responders and implement steps to warn the 
public (Baumgart et al. 2008; League et al. 2010).       
Both the NWS and EMs are crucial components of the Integrated Warning 
System (IWS), which also includes the media, storm spotters, private sector 
meteorologists and the public (Doswell et al. 1999). Communication and coordination 
within this network is important for the system to work efficiently. The NWS and EMs 
have traditionally communicated through amateur radio (Doswell et al. 1999), but today 
other methods are used, such as NWSChat, an instant messaging service that facilitates 
direct communication between the two agencies to support real-time, direct 
communication during emergencies (Brotzge and Donner 2013). Effective 
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communication between the NWS and the EMs is dependent on trust and the 
understanding of the needs of the other agency.  The NWS may produce products that 
characterize the nature of how the atmosphere is behaving, while EMs need details of the 
where, when, and potential impacts (Schlotzhauer 2016).  Montz et al. (2014) identifies 
six critical information elements that EMs seek: 1) what is the hazard and how big the 
hazard is; 2) timing; 3) location; 4) duration; 5) history; and 6) forecaster confidence.  
EMs combine the information they receive with situational awareness as it is their 
perceptions of the information acquired that influences the decision making process 
(Montz et al. 2015). For example, League et al. (2010) found that EMs did not always 
pass along warning information to the public after an official warning was issued by the 
NWS.  One EM in the 2010 study reported confirming the threat was imminent first in an 
effort to avoid over warning, which can create a sense of complacency among the 
residents.   
Improved communication with the public has helped to decrease the number of 
tornado fatalities (League et al. 2010). Newer warning platforms, like the internet, social 
media, and smart phones, are on the rise as a means to convey warning information 
(Mintmire et al. 2014; Silva et al. 2014; Stewart et al. 2014). The NWS began using 
Facebook as early as 2011 and Twitter by May of 2012 (Fritz 2014). The aim was to 
broaden their reach through social media in order to reach a larger, more diverse audience 
and to “educate the public and share critical information” related to their mission 
(National Weather Service 2016b).  
The general use of social media has been steadily increasing over the years and is 
used across the country by 65 percent of the population (Perrin 2015).  For emergency 
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situations, social media platforms, like Twitter and Facebook, are becoming more 
relevant sources of communication before, during, and after an event (Panagiotopoulos 
2016).  Tweeting offers real time communication, but the platform limits the number of 
characters used to 140, and therefore each emergency message must be able to stand 
alone (St. Denis 2014). Facebook is frequently used for community engagement where 
conversations can happen not only between emergency personnel and citizens, but also 
between the citizens; creating a sense of community (St. Denis 2014).   
One of the benefits of social media is that it allows a two-way communication 
between the public and agency personnel by allowing the public to send messages and 
comments directly to the agency (Lindsay 2011). As the popularity of social media 
increases and EMs and forecasters become engaged via these forms of communication, 
challenges are being recognized.  The public has adopted social media at a pace that 
exceeds the internal capacity of emergency management agencies to meet the demand 
(St. Denis 2014).  Hiltz et al. (2014) found that EMs in the U.S. face many barriers when 
adopting social media, such as lack of personnel, time, policies, and guidelines for using 
this platform.  Many agencies focus their social media usage primarily on the 
dissemination of information and not the collection of information due to the lack of 
resources and guidance (Plotnick et al. 2012).        
In general, the use of social media to access weather warning information is on 
the rise, but it is not evenly distributed across locations. For example, in 2015, about 58 
percent of rural residents used social media, compared to 68 percent of suburban and 64 
percent of urban residents (Perrin 2015).  People who are online are most likely to use 
Facebook over Twitter at 72 percent and 23 percent, respectively (Duggan 2015). For 
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rural locations, 65 percent of online residents use Facebook compared to just 15 percent 
using Twitter.  Those numbers are higher for urban residents with 74 percent using 
Facebook and 30 percent using Twitter.  
The use of social media also varies with age, 90 percent of young adults, age 18 to 
29, are using social media compared with only 35 percent of those over 65 (Perrin 2015).  
However, among adults over 65 online, 48 percent use Facebook compared to six percent 
using Twitter (Duggan 2015).  Though Facebook is more frequently used, Silva et al. 
(2014) found that the more someone uses Twitter, the higher the probability that the user 
will take protective action, which was not the case for high frequency Facebook users.   
Building trust with communities is one way that both forecasters and EMs can 
inspire residents to take protective actions when warnings are issued. Ripberger et al. 
(2015) found that trust in the NWS increases the likelihood that people will take 
protective action, and they found that the NWS is generally regarded as a trustworthy 
organization with credible products. However, Ripberger et al. (2015) discovered that 
when considering places where false alarm rates and missed events are high, people 
began to perceive the warnings as inaccurate, which corresponded with lower trust in the 
NWS. Lower trust leads to residents not taking the intended actions when warnings are 
issued. EMs are conscious of over warning the public and the negative impact it can have 
on resident decision making in the future (League et al. 2010). There are additional 
factors that influence taking protective action, such as past experience (Brotzge and 
Donner 2013; Hodler 1982; Mileti and O’Brien 1991; Rogers and Nehnevajsa 1987), but 






Qualitative and quantitative data were collected from NWS forecasters and 
county-level EMs using two survey instruments implemented on-line. To recruit 
participants for the forecaster survey, invitations were emailed to the Warning 
Coordination Meteorologist or the Meteorologist-in-Charge, though invitations noted that 
anyone in the office could complete the survey on behalf of their office. Invitations were 
sent to 120 of the 122 offices (Puerto Rico and Guam were not recruited to participate) 
beginning 24 July 2015.  The survey was open for six weeks and 36 usable surveys (30 
percent) were completed (Table 4-1).  The survey instrument had 20 closed and open-
ended questions which collected data and observations related to the warning process, 
public understanding of watches and warnings, community involvement, social media 
usage, and storm spotter training (Appendix A).       
  
  Invitations for the second survey were emailed directly to specific EMs where 
participants were selected through purposive sampling. This sampling strategy insured 
that EMs in tornado prone regions where forecaster surveys were submitted, received an 
Table 4-1. Survey Invitations and Total Responses 
 
 













Eastern 23 6 - - 
Southern 45 11 172 37 
Central 38 10 84 17 
Western 24 9 - - 
Alaska 3 0 - - 
Pacific 1 0 - - 
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invitation to participate. Email invitations were distributed to EMs for 256 counties on 23 
November 2015 and remained open until 15 January 2016. A total of 54 surveys were 
submitted for a 21 percent response rate (Table 4-1). This EM survey included 21 
questions investigating communication practices, weather information sources utilized, 
platforms used to disseminate warnings, perception of resident understanding/knowledge, 
and resident warning platform preferences (Appendix B).      
Analysis 
Survey responses were aggregated based on both profession-group and region 
where responses were classified into one of the four NWS regions based on location - 
Eastern, Southern, Central, and Western (Figure 4-1); responses were not received from 
the Pacific or Alaska regions.  EM survey responses were limited to the Southern or 
Central regions, where tornadoes are most prevalent (Figure 4-2).  This aggregation 
supported the ability to make regional generalizations and comparisons across and within 
regions as well as between the profession-groups. Descriptive statistics, such as 
frequencies, means, and cross tabulations were calculated for each group using SPSS. 
Inferential statistics calculated within SPSS, such as Mann-Whitney U, Kruskal-Wallis 
H, and the Chi-Square significance test, were used for each of the survey groups and then 
between survey groups.  The Mann-Whitney U test was used to test the differences 
between places that had experienced a tornado outbreak and those that had not with the 
number of storm spotter training attendees.  The Kruskal-Wallis H test was used to test 
for significant differences in the number of storm spotter training sessions with regions of 
the NWS.  Chi-square significance tests were used to determine relationships between 
agencies and variables, such as frequency of interaction and perceived resident 






























Figure 4-1: National Weather Service Regions 
Figure 4-2: National Weather Service offices with the number of emergency 
manager responses within their County Warning Area (CWA). 
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Findings and Discussion  
Survey responses from forecaster and emergency management professionals were 
explored to identify patterns in interaction, perceptions, and perspectives across both 
professions and regions (Figure 4-1).  All findings need to be considered within the 
context of the survey response rate and study location selection.  Biases may have been 
introduced.  These findings are specific to the place and time of data collection but they 
are consistent with previous work and suggest some generalizable patterns.  While the 
missions of the two disciplines are distinct, they are linked functionally and operationally 
with life-safety priorities.  
Information Sharing and Communication 
The collaboration between the NWS Weather Forecast Offices and emergency 
management agencies is an important component of the Integrated Warning System 
(IWS), and the relationships they have with one another is crucial during an emergency 
(Doswell et al. 1999). When examining how the two groups interact with each other, 
different perceptions about the frequency of interaction was found, (2(2, N = 90) = 
13.89, p = .001), though responses to open-ended questions reveal that coordination and 
collaboration was a priority for both.  Eighty-nine percent of the NWS respondents 
described their engagement with local EMs as “all of the time” or continually, while 51 
percent of EMs report the same level of interaction. When asked how frequently certain 
aspects of the warning process were discussed, 44 percent of the NWS offices discuss 
coordination with local EMA offices daily and 33 percent reported weekly.  This was far 
more than they discuss internally the issue of resources and staffing (36 percent daily) or 
their partnership with broadcast meteorologists (19 percent daily).  These results suggest 
that the relationship with public-safety partners is a high priority in NWS offices.   
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The EMs may not be in direct contact with the NWS staff daily, but they rely 
heavily on the NWS as the source for their weather information.  The style or method of 
communication was found to vary when comparing day to day operating conditions with 
a severe weather event situation.  Before a severe weather event, almost 80 percent of 
EMs report gathering their information from the NWS website and almost 67 percent use 
a NOAA weather radio.  During this period prior to a severe weather event, the most 
prevalent forms of direct communication with the NWS office is through email (87 
percent), phone (78 percent), or face-to-face meetings (59 percent). NWSChat was 
mentioned specifically by 20 percent of emergency management offices, however, this 
may be an underestimate as it was not a specific option on the survey but rather was 
written in for an “Other” category. During a severe weather event, the EMs shift their 
mode of interaction with the weather service to direct telephone communication (85 
percent), while reports of using NWSChat climb to 28 percent.  
The NWS uses a variety of methods to engage the public but as mentioned 
previously, their mission and mandates results in communication that is often focused at 
the regional scale rather than at the county or community scale.  While EMs cultivate and 
maintain close ties with community partners at the local scale, they also interact more 
frequently with the business community than the NWS (2(4, N = 90) = 15.25, p = .004).  
The level of interaction with the business community was the only group where a 
difference was reported between agencies; which aligns with the mission and scale of 
focus for each agency.  The level of interaction with residents, schools, and local 
governments are consistent across profession-groups, with no significant differences 
observed between the two groups of professionals or across regions.  
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When examining variations between offices, the NWS Forecast Offices reveal no 
significant regional differences between offices in terms of the frequency of interaction 
with residents, local governments, schools or businesses.  This is consistent with the 
stated mandate of the NWS; suggesting there is uniformity in the approach to 
communication and information sharing.  However, this uniformity was not the case for 
emergency management professionals where regional distinctions were apparent.  
Specifically, the Southern Region had a statistically higher frequency of interaction with 
their state EMAs, (2(2, N = 54) = 11.85, p = .003), while the Central Region had a 
higher frequency of interaction with local broadcast meteorologists (2(4, N = 54) = 
14.02, p = .007). Surveys also revealed that EMs in rural counties have a higher level of 
interaction with their local schools, (2(12, N = 54) = 26.84, p < .008), than the urban or 
mixed rural/urban counties.  
Social media as a way to educate the public and share critical warning 
information is becoming more widely implemented by the NWS.  Questions regarding 
social media’s ability to distribute warning information were asked of both agencies; 
Facebook and Twitter were specific platforms of focus.  The EMs favored Facebook over 
Twitter where 60 percent used Facebook to disseminate warning information and only 30 
percent used Twitter.  The converse is true for the NWS where Facebook is preferred by 
only 31 percent of offices, and only 41 percent use Facebook to distribute warnings.   
Some NWS respondents explained their preferences, which include:  a real time data 
stream and the lack of filtering supporting Twitter preference; whereas larger followings 
(friends), no character limits, and greater interaction influences Facebook preference.  
54 
 
Demographics also play a role as some NWS offices mentioned that their older, rural 
residents prefer Facebook over Twitter.  
Many of the offices point out the benefits of each social media platform, with 
Facebook being mentioned as better for longer term hazards and for educational 
purposes, whereas Twitter is faster and has messages easily retweeted.  Facebook filters 
posts, resulting in a situation where not everyone who is following a particular user will 
see their initial post. Many of the forecasters mentioned that even if the agency has a lot 
of followers, very few actually see the post.  One office reported that only 1.5 percent of 
their followers were reached through a Facebook post. Additionally, posts will show up 
days later and are then shared, even though the danger has long passed.  One office edits 
the post after the warning expires to avoid potential misunderstandings of messages that 
are no longer valid; which is an advantage that Facebook has over Twitter.  Some NWS 
offices note that they post information but not actual warnings to Facebook, and they also 
acknowledge the difficulty of supporting multiple platforms, especially when a large 
volume of warnings are being issued.   
While the perceived effectiveness of these platforms varies by office, it is 
important to note that many of these offices referred to the people in their region as a 
deciding factor for platform use. Some offices may not prefer Facebook, but recognize 
that this platform was better suited for their audience; demonstrating that forecast offices 
are aware of and value the preferences of their audience.  
Perceptions and Protective Action 
Immediately following an event that captures public attention (such as the April 
2011 Super Tornado Outbreak), individuals are more receptive to risk and hazard 
information and seem eager to learn how they can better prepare and protect themselves 
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and their property.  For example, NWS storm spotter classes experience a surge in 
participation following major events.  These classes, which are a part of the SKYWARN 
program, allow NWS offices to interact directly with residents; training them to identify 
and describe severe storms (SKYWARN 2016). This study found that NWS offices with 
recent tornado experience report larger attendance (statistically significant) at training 
sessions than NWS offices without recent tornado experience (U = 79, p = .02). The 
attendance levels in the Central and Southern regions, where tornadoes are more 
prominent, were not surprisingly higher. The highest attendance was found in the Central 
Region where an average of 35 people attended each session.  When asked about the 
attendance trends, 58 percent of NWS respondents noted that recent experience was the 
greatest factor driving participation.  They further indicated that attendance eventually 
decreases as time passes after an event.  While participation in these classes shows 
activity and curiosity in severe weather, it is unclear if attendance is actually linked to 
individual preparedness action.  
Although many aspects of the warning process are standard for all NWS offices, 
the number of storm spotter classes conducted each year varies between each region.  A 
Kruskal-Wallis H test showed that there was a statistically significant difference in the 
number of sessions between the different regions (2(3) = 10.55, p = .014), with a mean 
rank score of 14.75 for the Eastern Region, 24.55 for the Southern Region, 21.40 for the 
Central Region, and 10.39 for the Western Region.  One office in the Eastern Region 
mentioned that they have cut back on the number of sessions they offer because they 
receive many good quality reports with pictures on social media from residents.  The 
office expressed that they can use their time more efficiently by meeting with key 
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partners, such as 911 dispatchers. Two offices mentioned the use of virtual versions of 
the storm spotter classes, with one reporting that the course only had limited success and 
the other suggesting that it worked very well.   
NWS offices were asked how frequently they discuss certain issues within their 
office. One issue asked about was how the public interprets and uses warning 
information. Respondents indicated that this issue is discussed daily in about 22 percent 
of the offices. Understanding a risk-message or warning is a key influence to taking 
protective action in response to a weather threat. Public understanding of the difference 
between the terms “tornado watch” and “tornado warning” has been found to be fairly 
accurate by over 90 percent of the population (Schultz et al. 2010; Sherman-Morris 2005; 
Balluz et al. 2000), however, others have found that a sizable portion of the population 
(~30 percent) still find these terms confusing (Silver 2015; Mitchem 2003). This study 
investigated forecaster and EM perceptions of their public’s understanding of these terms. 
Only a third of forecasters (33 percent) and less than half of EMs (46 percent) believe 
that the term “tornado warning” is completely understood, and even less believe that 
“tornado watch” is completely understood (NWS = 8 percent; EMs = 33 percent). 
The perceptions of resident understanding for the case of tornado watches was 
found to differ between the professional disciplines (2(2) = 16.39, p > .001), with EMs 
having higher confidence in understanding than forecasters. Perceptions did not differ 
between professional disciplines for tornado warnings. However, when comparing 
regions rather than disciplines, we established that there is a higher confidence in public 
understanding of tornado warnings for the Central and Southern regions, where a 
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significant difference is detected (2(9) = 20.56, p = .015).  Given the greater experience 
with tornado warnings in these regions, such a regional distinction is not un-anticipated. 
When asked what factors influence recipient’s ability to understand the “watch” 
and “warning” messages, the most common response to this open-ended question was 
experience.  Those that have had experience tend to understand the difference between a 
“watch” and a “warning”.   While experience is recognized to account for some of the 
confusion between the terms, understanding the more nuanced causes remains a priority 
for both EMs and forecasters.  One NWS Forecast Office speculated that the confusion 
could be because both words start with a “w”.  One office mentioned that many consider 
a “watch” as “watch out…something is coming!”  Additionally, it was reported that there 
are people who simply hear the word ‘tornado’ and nothing else; not paying attention to 
whether it is a “watch” or a “warning”. Some of the NWS offices stated that they are 
using social media to try and demystify the terms and many offices admit that the NWS 
uses poor wording that confuses the public. 
Conclusions 
This survey-based study recruited professionals and practitioners to answer 
questions regarding coordination, interaction, and public understanding of risk 
communication messages.  Previous studies revealed that collaboration and coordination 
through the Integrated Warning System is crucial among forecasters and EMs. Our 
results indicate that this relationship is strong among the surveyed population.  The 
interaction among these professionals is an operational priority, and the different scales 




Based on the mandate and mission of the NWS, interaction and coordination with 
community partners and residents were not expected to vary from office to office.  Our 
results confirm this consistency of interaction but uncovered variations in the interaction 
of EMs, which suggest new details in weather warning communication. EMs do not have 
a standard policy of procedures for communication, and the results of this study 
illustrates their independence from other EMs. Variations include interaction with 
broadcast meteorologists, state EMA offices, and between urban and rural counties.   
Among both forecasters and EMs, a variety of weather warning dissemination 
platforms are being used, with social media outlets being increasingly adopted and 
implemented. Though standardization of practices across the NWS keep interaction and 
coordination consistent, variations do exist in terms of social media use. While some 
offices prefer one social media platform over another, appreciation of resident preference 
does influence platform use decisions.  Finding innovative and effective ways to reach 
the public is important, but knowing the target audience and how to reach them is an 
essential component of the warning process.  
Public understanding of risk information in general as well as specific risk 
information has been a topic of concern, and previous studies suggest public 
understanding is mixed. This work found that both profession-groups are uncertain of and 
concerned with public knowledge and understanding of severe weather warning 
information.  Further, differences in levels of confidence in this understanding are found 
between professions. In this case, scale may influence level of confidence, as those that 
work at a local level (city or county) tend to have a higher confidence in resident 
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understanding of risk communication messages (watch and warning), and these 
professionals interact more directly and frequently with residents.  
  The purpose of this paper was to establish and explore variations in coordination, 
interaction, and perceptions of public understanding across regions and across 
professions.  Findings revealed differences between professions in terms of perceptions 
that align with roles and responsibilities. Findings also revealed differences across 
regions linked primarily with different levels and types of severe weather experience.  
Future work is aimed at incorporating residents’ perspectives, perceptions, and 
preferences to ensure that they are informed, prepared, and protected.  Establishing 
resident preferences and perceptions about interaction with NWS and EMs; their 
understanding of warning messages; and their communication preferences with a 
continued focus on regional and rural/urban differences is an important component of the 
risk communication chain. Coupling those observations with existing scholarship can 
enhance the delivery of risk information to at-risk residents and will thereby promote 
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Chapter 5: Access, Trust, and Preference:  
Tornado Warning Communication in Rural Communities 
 
Introduction 
  Disseminating tornado warning information can be a difficult task due to the 
diversity of the population, such as educational levels, physical abilities, and situational 
awareness (Brotzge and Donner 2013). Warnings should be designed to reach all of the 
at-risk residents and should provide life-safety protective measures (Paul 2011:172). 
Currently, there are several platforms being used to disseminate warning information, 
such as television, AM/FM radio, weather radios, outdoor warning sirens, and telephones, 
along with newer methods, such as smartphones, text messaging, and social media 
(Riddell et al. 2011; Freeman 2012).  However, there is little focus on how effective these 
platforms are in rural communities. A lack of platform accessibility in rural places could 
undermine the benefits of multiple platforms.    
  This paper investigates which platforms are accessible in rural communities and 
which platforms are being used by residents to gather daily and severe weather 
information.  Through a survey, residents were also invited to voice their preferences for 
how they receive warning information.  Focusing on rural communities and determining 
which platforms are accessible and which platforms are preferred can lead to more 
efficient warning practices. This paper will help improve the warning process by 
determining which platforms will most likely work in these settings.    
  For this study, four rural communities are examined in two major tornado regions 
in the United States; Dixie Alley in the southeast and Tornado Alley in the central plains 
(Fig. 5-1).  These two regions were chosen for this case study for two reasons: 1) the high 
64 
 
frequency of tornadoes, and 2) the unequal impact that tornadoes have on these regions.  
People tend to believe that the greatest risk to tornadoes is in Tornado Alley.  However, 
the southeast is especially susceptible to strong or killer tornadoes.  Fatalities and injuries 
in Dixie Alley outpace Tornado Alley fatalities and injuries; even though the frequency 
of tornadoes is slightly higher in Tornado Alley (Gagan et al. 2010).  According to a 
study conducted by Gagan et al. (2010), from 1950 to 2007, Dixie Alley had 6.8 fatalities 
and 104 injuries per 100,000 people, whereas Tornado Alley had 5.6 fatalities and 83 
injuries per 100,000 people. Steps to refine and tailor risk communications to residents 
with differing perceptions of tornado risk have important life-safety implications. 
Comparing the methods that residents use to receive warning information and the sources 
they trust is a step towards that end.  This paper investigates whether there is a difference 
in access to, use of, trust in, and delivery preference for information in these two tornado 











Fig. 5-1. Tornado Alley and Dixie Alley as designated by 
Gagan et al. (2010). 
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Literature Review   
Research following disasters has identified the warning methods that are more or 
less likely to encourage protective action.  Several studies show the public is more likely 
to get their warning information from the mass media, primarily television (Carter 1980; 
Schmidlin and King 1997; Coleman et al. 2011).  Hammer and Schmidlin (2002), 
examining the response to the warnings during the Oklahoma City tornado of 1999, 
concluded that the public is more likely to hear warning messages from the television.  
Legates and Biddle (1999), following the 1998 Birmingham, Alabama tornado, found 
that those who heard a warning message via the television were more likely to respond 
positively to the message, meaning they took protective action. Wolf (2009) confirms that 
television is a primary source of warning information because it reaches the majority of 
the population in the warning area.  These studies primarily focus on suburban or urban 
regions and not specifically rural areas.  Sherman-Morris and Brown (2012) found that 
only three out of twenty-nine residents cited television as their primary source of 
information during the 27 April 2011 tornado that hit the small town of Smithville, 
Mississippi.  Aguirre et al. (1991) looked at a rural community in southwest Texas after a 
tornado struck in 1987 and did not mention television as being a primary source for this 
location; though they did list several other factors, such as outdoor warning sirens, social 
capital, and understanding of environmental cues.         
 Little is known about how rural communities use modern technology, such as 
smartphones and social media, to gather weather information (Gilbert et al. 2010). What 
is known is that many rural locations do not have the luxury of high speed internet, either 
because of their geographic location or because of the cost (Stenberg et al. 2009).  Gilbert 
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et al. (2010) report that there is a significant rural lag in the adoption of broadband, with 
just 38 percent of rural users at home, compared to 57 and 60 percent for suburban and 
urban users, respectively. A 2016 report by the Pew Research Center reported that home 
broadband has increased to 59 percent for rural locations, but that number has also 
increased to 70 and 74 percent for suburban and urban users, respectively (Rainie 2016). 
With still slower internet speeds, residents may not have time to check online for warning 
information.  
Social media as a means of disseminating warning information has been on the 
rise in recent years. In the U.S., 65 percent of the population is using social media on a 
regular basis, but only 58 percent of the rural population is using this medium (Perrin 
2015). Social media is growing as a source of weather warning communication but many 
in rural communities may not be using this platform for this purpose.  While social media 
may be a good platform for slow onset hazards (e.g. floods and hurricanes), or for 
response and recovery (e.g. after an earthquake), during rapid onset hazards, it may not 
be the first source turned to by residents.  During the 27 April 2011 tornado in Smithville, 
Mississippi, no one surveyed went to social media before the storm struck (Sherman-
Morris and Brown 2012).  Even during a slow onset hazard when people are seeking 
information, many people in rural communities may not use this platform (Shklovski et 
al. 2008).   
Donner (2007) suggests that strong social capital in rural communities lowers 
vulnerability to disasters because strong social bonds expand the scope and availability of 
potential sources of weather information, access to shelters, and other resources that help 
facilitate protective action.  Dunn (2011) suggests that rural residents know one another 
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better than urban residents, who may live in the same apartment complex, but not know 
the people in their own building.  Hofferth and Iceland (1998) posit that rural societies 
have stronger social capital relationships because of the increased and sustained 
interaction among residents.  Rural communities tend to possess a kind of social capital 
that is not found in urban settings because it is argued that high population densities 
create social capital rich in weak ties (Gilbert et al. 2010).     
Social capital has proven to be very beneficial in all phases of the disaster 
management cycle (Murphy 2007), but the National Weather Service says that one 
should never rely on friends and family as a primary source of information.  However, 
studies have found that these networks are a method used in many communities (Aldrich 
2012; Wood et al. 2013).  In many cases, strong social capital increases the likelihood 
that warnings will be heard (Moore et al. 1963; Rogers and Nehnevajsa 1987; Aguirre et 
al. 1991; Mileti and Fitzpatrick 1992; Mileti and Fitzpatrick 1993; Brotzge and Donner 
2013).  
This research will identify the platforms of warning information that are currently 
being used by rural residents, and the methods that will most likely initiate a protective 
response.  There is little focus in the literature on rural locations during the warning 
process; this paper intends to bridge that gap. 
 
Methods 
  This study focuses on rural locations that are exposed to chronic tornado risk. In 
this case, rural was defined as a community with a population of less than 2,500 people 
and located in counties that are considered nonmetropolitan.  That is, counties with less 
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than 50,000 people (Flora and Flora 2013), and an urban population less than 20,000 
(USDA 2013). Additionally, communities chosen were not adjacent to counties with an 
urban core population over 50,000 (Flora et al. 1992).  The reason for these restrictions 
was to limit the influence of a major urban center and to capture a truly ‘rural’ sample 
population.   
  Study communities within Tornado Alley and Dixie Alley were selected in 
counties based on a recent study establishing the warning communication perceptions and 
preferences of forecasters and emergency managers (Wallace and Hill 2017). Counties 
considered for selection had to be within both the County Warning Area (CWA) of a 
National Weather Service Weather Forecast Office (WFO) that completed a previous 
survey, as well as within a county where the emergency manager completed a similar 
survey (see Chapter 4).  This step-down approach allowed for future comparisons 
between professional and resident responses.  Once four counties meeting those criteria 
were chosen, a random number generator was used to select one community within each 
county.   
  The sampling method utilized within each community was a simple random 
sample to support analyses intended to make general statements about the population.   A 
package that included an invitation to participate, a consent form, the survey instrument, 
and a self-addressed, stamped return envelope was mailed to the selected households in 
February 2016. Surveys were coded based on the community where they were sent, but 
the address was not linked to responses. The survey contained both Likert-style and open-
ended questions and was divided into five sections (Appendix C). The first section dealt 
with general information, questions such as where residents get their daily weather 
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information, platforms accessible, preferred weather platform, and use of social media. 
The second section focused on the severe weather case; particularly platforms relied on 
during a severe weather event and their trust in different sources to give accurate 
information. The third section was specifically concentrated on tornadoes and the actions 
taken when hearing a warning and the factors that will most likely influence taking 
shelter.  Past experience with tornadoes and their understanding of a tornado watch and 
warning were also explored in this section.  The fourth section focused on the 
communication side of the warnings and how affectively warnings are communicated in 
their community. The final section asked residents basic demographic information, such 
as age, gender, education, and income.  This section also asked residents how long they 
have lived in their current community, if they have ever lived in an urban setting, and if 
they have high speed internet in their home.    
  While the advantages of mail surveys match this study population, low response 
rate was a concern.  This work assumed a 15 percent response rate with a goal of at least 
30 usable surveys from each community.  In order to reach that goal, at least 200 surveys 
were sent to each community.  However, once surveys went out, many were returned due 
to vacant addresses or residents that had moved.  Once those addresses were removed, 
reminder postcards were sent to residents three weeks after the initial survey. In the end, 
a total of 114 surveys were returned with an overall response rate of 17 percent (Table 5-
1). While the response rate in Dixie Alley was less than the target of 15 percent, the 





Table 5-1. Survey Response Rate 
Communities Usable Responses 
Response Rate  
within Community 
Hornbeak, TN 22 12% 
New Houlka, MS 21 12% 
Dixie Alley Total  43 12% 
Mankato, KS 35 22% 
Stockton, KS 36 22% 
Tornado Alley Total  71 22% 
Total Responses  114 17% 
  
 The data analysis required comparisons both between individual communities and 
between the two tornado regions.  Descriptive statistics, such as frequencies, were 
calculated for each community using SPSS.  Inferential statistics were used to test for 
significant relationships between variables and to determine differences between 
communities and regions.  The test best suited for this study is the chi-square test because 
variables were nominal and categorical. This test creates a contingency table through 
SPSS that identifies whether the variables in the rows are contingent or independent of 
the variables in the columns.  Expected values are calculated within each variable, which 
refers to the value that would occur if the independent variable has no effect.  This 
expected value is compared with the observed value and the difference between those 
two values is the chi-square value. The larger the difference between the expected value 
and the observed value results in a larger chi-square value (Vogt et al. 2014).  If the p-
value is below 0.05, the relationship between the variables is considered to be statistically 
significant and not the result of random chance (Sweet 1999).  Chi-square results in this 
paper are written as follows: 2 = chi-square value, p-value.  A content analysis was also 
conducted on the open-ended questions. Responses were mined for specific words or 
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themes, which were used to support and give explanation to the findings in the 
quantitative portion of the survey.  
 
Study Communities   
Tornado Alley Communities 
 
Mankato, Kansas is the county seat of Jewell County, located in the north central 
part of the state (Fig. 5-2); approximately 150 miles north of Wichita, Kansas.  The 
population is approximately 840 (U.S. Census 2015a) with a county population of 2,970 
(U.S. Census 2015b). Mankato is located in the County Warning Area (CWA) for the 













Fig. 5-2. Study communities. Tornado Alley communities designated 
by green markers within blue counties; Dixie Alley communities 
designated by green markers within red counties.  
72 
 
Stockton, Kansas is the county seat of Rooks County, located in the north central 
part of the state (Fig. 5-2); approximately 200 miles northwest of Wichita, Kansas.  The 
population is approximately 1,322 (U.S. Census 2015a) with a county population of 
5,174 (U.S. Census 2015c).  Stockton is also located within the warning area for the 
Hastings National Weather Service Forecast Office out of Nebraska.    
 
Dixie Alley Communities 
   New Houlka, Mississippi is located in Chickasaw County in the northeastern 
part of the state (Fig. 5-2); approximately 92 miles southeast of Memphis, Tennessee.  
The population is 613 (U.S. Census 2015a) with a county population of 17,311 (U.S. 
Census 2015d).  New Houlka is located within the CWA for the Memphis National 
Weather Service Forecast Office.   
 Hornbeak, Tennessee is located in Obion County in the northwestern portion of 
the state (Fig. 5-2); approximately 100 miles north of Memphis, Tennessee.  The 
population of the town is 409 (U.S. Census 2015a) with a county population of 30,639 
(U.S. Census 2015e).  Hornbeak is also located within the warning area for the Memphis 




Survey responses are used to determine what platforms are accessible, used and 
preferred in rural communities. These platforms are also examined to see if variations 
exist between communities and regions.  Sources most trusted by residents are also 
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Survey analysis demonstrates that traditional warning platforms, such as 
television, AM/FM radio, and outdoor warning sirens, are considered to be the most 
accessible (Table 5-2).  Significant differences in platform accessibility are found 
between regions. Dixie Alley has fewer residents with access to cable television, outdoor 
warning sirens, and NOAA weather radios (Fig. 5-3). The inaccessibility of NOAA 
weather radios likely means that residents have not purchased one and/or may be 
unaware of where they can get one. Approximately 98 percent of the U.S. population live 
within the coverage area of over 400 NOAA stations (Crowe 2010), and each of the 
communities in this study are within the coverage area of a weather radio transmitter (see 
http://www.nws.noaa.gov/nwr/Maps/). For newer platforms, like social media, 
smartphone apps, text messages, and the internet, approximately 70 percent of the 
respondents’ report having access to these platforms. There are no statistical differences 
in accessibility among communities for these platforms; however, residents over the age 
of 65 across both regions are significantly less likely to have access to these newer 




Table 5-2. Accessible Sources 










Outdoor Warning Siren 85.7 13.4 1 (2 = 21.16, p < .001) (2 = 19.91, p < .001) 
Cable Television 82 18 0 (2 = 9.41, p = .024) (2 = 7.86, p = .005) 
AM/FM Radio 93 7 0   
NOAA Weather Radio 58 33 9  (2 = 6.89, p = .03) 
Social Media1 73 24 3   
Smartphone2   70.5 28.6 1   
Text Messages3 72 27 1   
Internet4 70 30 0   
Significant difference for age groups: 
1 (2 = 19.610, p = .000) 
2 (2 = 12.269, p = .002) 
3 (2 = 11.565, p = .003) 






























Mankato, KS Stockton, KS New Houlka, MS Hornbeak, TN
Fig. 5-3. Accessible Platforms by Study Community 
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Daily Weather Information 
When retrieving daily weather information, residents are likely to get their 
information from local television (80 percent); more than any other platform (Table 5-3).  
However, there are significant differences between the two tornado regions.  Dixie Alley 
residents use television for daily weather information more than those in Tornado Alley 
(Fig. 5-4). Mankato, KS is typically less likely to use local television for daily weather 
information, but they are more likely to use the cable television/Weather Channel and 
NOAA weather radios (Fig. 5-5).   
 
 
Table 5-3. Daily Weather Information Platforms 
 Significant Difference 
 





Local Television 79.8 20.2 2 = 11.09, p = .01 2 = 7.47, p = .006 
AM/FM Radio 48.2 51.8   




2 = 11.37, p = .01  
Twitter 3.5 96.5   
Facebook 32 68   
Smartphone 43 57   









































































Mankato, KS Stockton, KS New Houlka, MS Hornbeak, TN
Fig. 5-5. Platforms Relied on for Daily Weather Information by Study Community 
Fig. 5-4. Platforms Relied on for Daily Weather Information by Study Region 
77 
 
Severe Weather Information 
During severe weather, the use of platforms varies between communities and 
regions.  There is a significant difference between individual communities and their use 
of local television during a severe weather event (Table 5-4). Over 95 percent of residents 
in New Houlka, MS rely on local television as opposed to only 68 percent in Mankato, 
KS.  NOAA weather radios and AM/FM radios are more likely to be used by Tornado 
Alley residents than Dixie Alley residents (Fig. 5-6).  Specifically, Mankato, KS residents 
are far more likely than the other communities to use weather radios during a severe 
weather event (Fig. 5-7).  Finally, Dixie Alley residents are more likely to rely on text 




Table 5-4. Severe Weather Information Platforms 
 Significant Difference 
 





Local Television 84 16 2 = 9.18, p = .03 2 = 4.09, p = .04 
AM/FM Radio 55 45 2 = 8.79, p = .03 2 = 5.7, p = .02 
NOAA Weather Radio 31 69 2 = 11.37, p = .01 2 = 6.2, p = .01 
Cable TV/Weather Channel 52 48 2 = 13.23, p = .004  
Twitter 1 99   
Facebook 18 82   
Smartphone 43 57   









































































Mankato, KS Stockton, KS New Houlka, MS Hornbeak, TN
Fig. 5-7. Platforms Relied on for Severe Weather Information by Study Community 




  For the study communities, traditional platforms tend to be relied on more than 
newer platforms.  For example, one of the newer platforms, social media, is a platform 
increasingly used to disseminate warnings, but the majority of residents in the study 
communities do not use it for that purpose. Regular use of social media among residents 
is 64 percent, which matches the national average of social media usage (Perrin 2015).  
For the Dixie Alley residents, 74 percent use social media; higher than the national 
average and particularly higher than the rural average, currently around 58 percent 
(Perrin 2015).  However, 58 percent of Tornado Alley residents use social media, 
aligning with the national average.  For these communities, about 34 percent use this 
platform for daily weather information and only 18 percent rely on it during severe 
weather.    
 When comparing daily weather platforms with platforms used during severe 
weather, significant differences are found for each platform (Fig. 5-8).  This finding 
suggests that the platforms people use to get their daily weather information may not be 
the same platforms they rely on during severe weather.  Additionally, traditional 
platforms are used more during severe weather than they are for daily weather 
















Trust in Weather Information Sources 
Local Broadcast Meteorologists 
Trust in a source of risk communication is critical because it influences how 
seriously an individual takes the warning and whether they participate in protective 
action. Residents were asked to rate weather sources based on their level of trust during 
severe weather (Table 5-5). The level of trust for local broadcast meteorologists is 
different between regions, with 78 percent of residents in Dixie Alley reporting complete 
trust during a severe weather event compared to 45 percent in Tornado Alley. When each 
community is examined separately, New Houlka, MS stands out from the other 
communities with 90 percent of residents reporting complete trust in broadcast 











Local TV Radio Weather Radio Cable
TV/Weather
Channel






Daily Weather Platform Severe Weather Platform
Fig. 5-8. Weather platforms used for daily weather information compared to 
platforms used during severe weather. Significant difference found for each platform.  
p = .000 
p = .000 
p = .000 
p = .000 
p = .036 
p = .000 
p = .000 
p = .003 
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of trust, but residents in Mankato, KS and Stockton, KS report much lower results at 50 
percent and 42 percent, respectively.   
 
 The high level of trust in New Houlka, MS was reinforced by responses to an 
open-ended question where residents were given the opportunity to share what they 
wished their local broadcast meteorologists knew about their community.  In New 
Houlka, MS, however, residents expressed praise for their local meteorologists; 
signifying that their community is well informed and has a special relationship with their 
local meteorologists.  Many of the responses in the other communities were related to the 
timing of the warnings, requesting they be made sooner, and requesting that they be more 
location specific.  
Residents were also prompted with a series of statements seeking their assessment 
of how well local broadcast meteorologists cover their community.  Generally, residents 
were very positive about the way their community was covered, however, for three of the 
four statements, close to 30 percent had a negative response (Table 5-6). These results 
suggest that nearly a third of residents feel that broadcast meteorologists do not see their 
community as important as higher populated areas.  Still, residents indicated that 
Table 5-5. Trust for Accuracy During Severe Weather. Residents rated the level of 
trust they have for each of the following sources to give accurate information during 









Local TV Meteorologists1,2 57.9 39.3 .9 1.9 
National Weather Service 58.5 38.7 1.9 0 
Emergency Manager 40.8 29.6 13.3 16.3 
Friends and Family 35.3 58.8 4.9 0 
1 Significant difference among communities. (2 = 19.76, p = .02) 
2 Significant difference among regions (2 = 11.57, p = .01) 
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broadcast meteorologists typically give their community enough time to take action, with 











Table 5-6. Statements Regarding Local Broadcast Meteorologists. Residents indicated if 
they agreed or disagreed with the following statements.  There were no significant 









My area is often overlooked for higher populated areas. 29.5 61.9 8.6 
My area is rarely mentioned. 27.5 66.7 5.9 
My area gets equal focus with other areas. 65 30.1 4.9 
They typically give my community enough time to take 
action.  
83.3 8.3 8.3 
 
National Weather Service   
The National Weather Service (NWS) plays a critical role in getting warning 
information to the public.  They are responsible for issuing the warnings, and the 



















Fig. 5-9. Trust in Local TV Meteorologists 
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(Ripberger et al. 2015). During severe weather, 59 percent of all residents said that they 
completely trust the NWS to give accurate information (Table 5-6). The NWS primarily 
uses the NOAA weather radio to get information directly to the public (Doswell et al. 
1999), but only 31 percent of residents use this platform (Table 5-5).  The NWS also uses 
Twitter and Facebook to disseminate warnings, but only 5.3 percent and 19.3 percent 
follow the NWS on these platforms, respectively.  The NWS conducts storm spotter 
training classes through the SKYWARN program throughout various communities. 
However, only 10 percent of respondents said that they have attended one of these 
classes. While the NWS is providing multiple ways for residents to receive information 
directly, few residents are taking advantage of this source.      
 
Emergency Manager 
The local emergency manager is an essential part of the warning process, and they 
can develop a connection with the community that television forecasters may not be able 
to create.  In general, each emergency manager is responsible for operating the outdoor 
warning sirens for a particular county (Brotzge and Donner 2013). Approximately 40 
percent of residents report they had complete trust in the emergency manager during 
severe weather, and there were no significant differences between regions (Table 5-6).  
On the other end, about 30 percent of residents had no trust at all or they did not know. 
While several residents commented that their emergency manager does a good job and 
understands their community, there were a few who commented that they did not know 
who the emergency manager is or how much they understood about their community.  
About 21 percent of residents said that they do not know the role of the emergency 
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manager or the resources available through the local emergency management agency.  
Overall, the emergency managers had the lowest level of trust among the professional 
sources.   
 
Family and Friends 
Nearly half of the residents rely on family and friends during severe weather, and 
almost 60 percent said that they will contact a family member or a friend when a tornado 
warning is issued.  However, when asked how much they trust the information family and 
friends give during severe weather, 35 percent said they completely trust the information 
and 59 percent said they partially trust the information (Table 5-6). There are differences 
between genders, however, with women more likely to completely trust severe weather 
information from family and friends than men (2 = 12.72, p = .002). Not surprisingly 
then, women are more likely to rely on family and friends during severe weather (2 = 
7.91, p = .005).  When it comes to taking action once a tornado warning has been issued, 
family and friends influence about 38 percent of residents to take shelter.  However, it is 
possible that the initial contact makes them aware of the threat and causes them to seek 
out confirmation, which then leads to sheltering.   
 
Preferred Platforms 
A key factor to better serve rural residents is to understand which platforms they 
most prefer to get weather information. Residents were asked which platform they would 
prefer even if it was not currently available. The most common response for residents in 
all communities was a preference for local television (44 percent) (Fig. 5-10).  The 
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second platform most preferred was the smartphone at 17 percent. The remaining 












The results of this study found that access to information and use of platforms for 
daily and severe weather information differed across communities and/or regions.  Level 
of trust in a weather source also varied across regions.  This indicates that a “one size fits 
all approach” does not work when communicating risk information to rural populations; 
what works in one community may not work in another. 
    
Access to Platforms 
Variations in access exist across multiple platforms; including cable television, 
outdoor warning sirens, and NOAA weather radio. These three platforms are less 
accessible in Dixie Alley than in Tornado Alley. While residents in Mankato, KS have 
Fig. 5-10. Platforms Preferred by Residents 
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the highest level of access to cable television than the other communities, they are more 
likely to get their daily and severe weather information from other platforms, such as 
NOAA weather radios.  Mankato, KS residents may not be relying on local television for 
weather information, but the greater access to cable television may explain why residents 
in Mankato, KS are more likely to get information from a national source, like the 
Weather Channel.  This community has the access, but a lower reliance on local 
television for weather information. Other platforms may not be as accessible but there 
were no differences between communities or regions. For example, smartphones and text 
messaging were not as highly accessible, but the level of access is similar across 
communities.      
On the other hand, the community of New Houlka, MS relies on local television 
during severe weather much more than the other communities.  This variation may be 
explained by the proximity to local television stations. New Houlka is approximately 32 
miles southwest of Tupelo, Mississippi where the NBC affiliate is located (Fig. 5-2).  
Many respondents mentioned this station and certain meteorologists specifically as doing 
an exceptional job covering their area.  The community of Stockton resides in the 
Wichita, Kansas news market, but they are located over 200 miles from Wichita.  The 
size of their coverage area is much larger than the Tupelo coverage area, and this may 
have an effect on how much attention can be given to particular areas.   
Hornbeak, TN and Mankato, KS not only contend with the distance from a news 
station, but they are located at the intersection of multiple news broadcast coverage areas.  
Some of the residents in Hornbeak, TN mentioned that it is hard to get the proper 
information because they are in between Memphis, Tennessee (110 miles to the south) 
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and Paducah, Kentucky (80 miles to the north) (Fig. 5-2).  Respondents in Mankato, KS 
commented that their weather information is not local; it either comes from Wichita or 
Nebraska.  Residents in this community expressed a desire for more local coverage; they 
may be relying on national sources, like the Weather Channel, but they do desire local 
weather information. When a community is within the bounds of a particular news 
market, and near the source of information, such as New Houlka, MS, there seems to be 
higher satisfaction with that source.   
 
Trust in Sources 
Proximity to a news station may account for why those in New Houlka, MS have 
a higher level of trust in their local broadcasts meteorologists.  Sherman-Morris (2005) 
suggests that people develop relationships with their local weathercasters through what is 
called parasocial interaction (PSI). This relationship forms between the public and 
television personalities (Horton and Wohl 1956), but Sherman-Morris (2005) finds that 
the relationship between weathercaster and the public is deeper.  This is because the 
weathercaster is generally talking directly to the audience. The public begins to see the 
weathercaster as a friend, not just an authority, and therefore develops a higher level of 
trust in their forecast.  New Houlka, MS residents named a particular weathercaster by 
name, suggesting that they have developed a higher level of PSI with their weathercaster. 
This relationship is important because the weathercaster can have a significant influence 
on whether someone takes shelter during severe weather. This study supports that idea, as 
those who have complete trust in local broadcast meteorologists were also more likely to 




As previous studies have shown, people tend to get their weather warning 
information from the mass media (Carter 1980; Schmidlin and King 1997; Coleman et al. 
2011).  Television is a source that people turn to during tornado events; however, asking 
residents which platform they prefer to get weather information on has not been asked of 
rural residents.  Residents were told that the platform they prefer does not have to be a 
platform that is currently available to them.  When residents were given the chance to 
share what platform they would prefer to get weather information on, almost half (44 
percent) chose television and 17 percent chose smartphones.  Television and smartphones 
as the top choices may suggest that residents want to have a visual when receiving 
warning information.  This gives them the opportunity to see radar images and the 
warning polygons.  NOAA weather radio, outdoor warning sirens, and AM/FM radio are 
all auditory sources, and text messages are text only.  Social media as a source of weather 
information may become more prominent in the future, but currently, it is not being used 
by these rural residents for this purpose.  
 
Conclusion 
 While it was believed that these rural residents may not benefit from the multiple 
platforms that are being used to disseminate warning information, this study found that 
residents do have access to multiple platforms.  There were some differences in platform 
access and reliance between Dixie Alley and Tornado Alley, but each community had a 
variety of platforms that are being used.  This indicates that finding more dissemination 
platforms for these communities is not the priority since residents are receiving the 
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warning messages.  Determining what actions residents take once they receive the 
message is of more importance; take shelter, seek confirmation, ignore it, etc.      
 Though the emergency manager did not have the highest level of trust among 
residents, they can be an important resource in the community because of the information 
and expertise they can provide.  The emergency managers are a part of the community 
and can have a real impact on the actions that residents take during an emergency.  Each 
community has different needs and only the local officials can truly understand these 
individual communities. Trust in emergency management professionals can be built 
through outreach and programming that will result in better risk communication and 
resident decision-making during a weather emergency.  
 Despite the higher level of trust in broadcasts meteorologists and multiple access 
to warning messages, tornado deaths in Dixie Alley outpace tornado deaths in Tornado 
Alley.  The only county in this study to have experienced recent tornado deaths also had 
the highest trust in their local broadcasts meteorologists.  Perhaps this high trust is a 
result of that event, where residents are much more aware of the dangers of tornadoes and 
now pay very close attention to the message. This would indicate that indirect experience 
can have an impact on the preparedness actions of residents, and emergency managers 
can use this experience to encourage their residents to plan ahead.  Regardless, more 
investigation is needed to determine what the missing pieces are that can better explain 
these losses in Dixie Alley. The next step in this work is to take these perspectives and 
couple them with the perspectives and perceptions of forecasters and emergency 
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Chapter 6: Forecasters, Emergency Managers, and Residents: 
Building Better Risk Communication 
 
Introduction 
Tornadoes impact a large portion of the United States each year. For the people 
who live in Tornado Alley and Dixie Alley (Figure 6-1), two high frequency tornado 
regions, the threat of tornadoes is a common risk.  The U.S. National Weather Service 
(NWS) and emergency managers (EMs) around the country are tasked with 
communicating severe weather information to the public.  Frequent interaction between 
professionals and residents is essential to building relationships. Good relationships can 
increase the trust residents have in the NWS and EMs, which can support the protective 
action decision-making of residents during a tornado threat.  By engaging with the 
community, these professionals can determine what information residents need and can 
tailor their risk communication efforts to meet those needs. This paper investigates those 
interactions and also explores the perspectives of NWS forecasters, EMs, and rural 
residents related to the effectiveness of warning communication, message understanding, 

















 There are a plethora of factors that influence the decision to take protective action 
when facing a threat.  Having past experience tends to be a motivator for people to take 
shelter or evacuate before the impact of an extreme weather event (Freeman 2012; Hodler 
1982; Mileti and O’Brien 1991; Rogers and Nehnevajsa 1987).  People, who have 
insufficient resources, such as basements or safe rooms, are less likely to respond to a 
warning message (Balluz et al. 2000; Liu et al. 1996; Mileti et al. 1993).  Research has 
also shown that older people may be less likely to hear (Gruntfest 1997; Perry 1979) and 
believe a warning message (Friedsam 1961), and are therefore less likely to respond to 
the message (Friedsam 1961; Gruntfest 1977; Mileti and O’Brien 1992; Moore et al. 
1963). Others argue that older people are more likely to understand a warning message 
(Blanchard-Boehm 1998) and will therefore be more likely to respond to the message 




(Aguirre et al. 1991; Cutter and Barnes 1982; Perry 1990). A person’s level of education 
has also been found to influence how likely they are to respond to a warning message 
(Edwards 1993; Farley et al. 1993; Liu et al. 1996).  For example, Balluz et al. (2000) 
found that those with at least a high school education are more likely to respond to the 
warning. The hazard literature also suggests that many people seek confirmation and 
desire more than one source of information.  The more sources that are available, the 
more likely someone is to respond to a warning (Mileti et al. 1993; Mileti and Fitzpatrick 
1993; Mitchem 2003). 
  Environmental cues, such as recognizing cloud formations or noting deteriorating 
conditions, are frequently cited in the literature as being a motivator for responding to a 
warning message (Sherman-Morris and Brown 2012).  Those that observe environmental 
cues are generally more likely to respond positively to the warning message (Schmidlin 
and King 1997; Schmidlin et al. 1998), and the more environmental cues a person 
receives, the more likely they will respond (Hammer and Schmidlin 2002; Mileti and 
O’Brien 1991; Rogers and Nehnevajsa 1987). Environmental cues are factors that play a 
much larger role in rural communities than in urban ones and Donner (2007) asserts that 
because of this, urban residents are more vulnerable than rural residents.   
Studies have shown how the public is more likely to receive warning information 
from the mass media, particularly television (Carter, 1980; Coleman et al. 2011; Hammer 
and Schmidlin 2002; Legates and Biddle 1999; Schmidlin and King 1997; Wolf 2009), 
but a major source of communication of interests to most EMs is the outdoor warning 
siren. Outdoor sirens have been used for tornado warnings since the early 1970s 
(Coleman et al. 2011), and they tend to be the primary method used by EMs to alert the 
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public (Brotzge and Donner 2015; League et al. 2010).  The public depends on the siren 
as a major warning source, and there are many studies that demonstrate how people are 
more likely to respond to a warning if they hear a siren (Balluz et al. 2000; Freeman 
2012; Wolf 2009).  Additionally, studies have shown the benefits of warning sirens, 
particularly in rural locations (Aguirre et al. 1991; Liu et al. 1996; Wallace 2012).  
Warning sirens can be very important but there are many locations, especially rural, that 
do not have these platforms, and even in those that do, there are considerable 
misunderstandings about their function (Laidlaw 2010; Wallace 2012).   
  The fact that a standardized policy does not exist regarding siren use creates 
confusion and misunderstanding from place to place. In his book "When the Sirens Were 
Silent" How the Warning System Failed a Community, Smith (2012) describes the 
differences in siren activation policy from one community to the next. He explains that 
political pressures in some locations cause EMs to activate sirens more frequently than 
may be necessary. Politicians do not like sirens paid for with taxpayer resources to 
remain silent when storms are nearby (Smith 2012). Brotzge and Donner (2015) also 
found that nearly half of the EMs they surveyed use their sirens for non-weather events, 
such as hazardous materials, active shooter, nuclear accident, tsunami, and dam failure. 
This multiple use of the sirens can create a culture of complacency, a dangerous situation 
in an actual emergency if people ignore the siren.  
  Criteria for activating sirens varies by jurisdiction but most commonly coincides 
with NWS issued tornado warnings (Mathews and Ellis 2016).  EMs do not always 
activate sirens when a warning is issued. Some confirm what locations are affected first; 
others will activate before a NWS warning is issued if they deem the situation to be 
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threatening (League et al. 2010). In order to reduce the risk of over warning and 
desensitizing the public, technology has been developed that allows for sirens to be 
activated only in areas specifically under threat (Coleman et al. 2011). However, not 
every county has that capability and those EMs who do have the capability do not always 
use it (League et al. 2010; Smith 2012).  False alarms may not be as much of an issue for 
some hazards, such as hurricanes (Dow and Cutter 1998), but for tornadoes, especially 
with siren use, eventually it can reduce the level of trust in meteorologists and EMs 
(Ripberger et al. 2015; Smith 2012).  
 This literature review illustrates the complexities inherent in issuing and receiving 
warning messages as well as the implications for protective action decision-making. The 
use of sirens can lead to a misunderstanding of the warning message; highlighting why 
emergency managers need to clarify the function and purpose of the platform.  The 
communities surveyed in this study will help to test previous findings and further develop 
our understanding of behavior after a warning is issued.   
Methods 
 Data for this study were collected through three original survey instruments.  The 
first survey was implemented online and was directed to NWS forecasters across the 
country. The survey examined questions regarding community and professional 
interaction; perceptions of resident understanding of watches and warnings; use of social 
media; and storm spotter training attendance.  Survey invitations were sent to 120 
Weather Forecast Offices beginning on 24 July 2015 and the survey portal remained open 
for six weeks.  A total of 36 offices replied yielding a response rate of 30 percent.   
 The second survey was also implemented online and was directed to county-level 
EMs within the Central and Southern NWS Regions (Figure 6-2). These regions were 
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targeted specifically because these are the primary tornado regions of the country.  
Within the tornado regions, participants were selected through a nested sampling strategy 
in order to ensure that EM survey responses coincided with specific geographies where 
forecaster responses were available. Questions on this survey examined community and 
professional interaction; communication practices; platforms used to disseminate 
warnings; perceptions of resident understanding of watches and warnings; and 
perceptions of resident platform preference. This survey opened on 23 November 2015 
and was open for eight weeks. Invitations to participate were sent to 256 EMs with a total 














Figure 6-2. National Weather Service Regions. EM survey invitations were 
directed to the Central Region and Southern Region.   
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 The third survey was a mail survey sent to residents in four rural communities in 
Tornado Alley and Dixie Alley (Figure 6-1).  Two communities from each region were 
chosen if they had a population of less than 2,500 and were located in a nonmetropolitan 
county; counties with less than 50,000 (Flora and Flora 2013), and urban population less 
than 20,000 (USDA 2013).  Communities also had to be located within the County 
Warning Area (CWA) of a NWS Forecast Office that completed the survey as well as a 
county where the EM completed a survey.  Communities were randomly selected (Table 
6-1) and mailing addresses were collected from online property records. Surveys were 
sent to 200 addresses for each community in February 2016, with 114 surveys returned 
(17 percent response rate) (Table 6-2).  Questions on the survey focused on platforms that 
are accessible and relied on; sources that are trusted; sheltering practices; communication 
issues; and general weather information. See Chapter 5 for detailed information on each 








Table 6-1: Study Communities 
Communities Population 
Hornbeak, TN 409 
New Houlka, MS 613 
Mankato, KS 840 
Stockton, KS 1,322 
Source: 2010-2014 American Community Survey 5-Year Estimates 
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Table 6-2: Survey Response Rates   
Communities Total Responses 
Response Rate  
within Community 
Hornbeak, TN 22 12% 
New Houlka, MS 21 12% 
Dixie Alley Total  43 12% 
Mankato, KS 35 22% 
Stockton, KS 36 22% 
Tornado Alley Total  71 22% 
Total Responses  114 17% 
 
  Each survey was first analyzed individually to find patterns between the 
participants and to determine if there were variations within professions, regions, or 
communities.  Subsequently, responses were examined collectively to discover patterns 
and variations across groups (forecasters, EMs, and residents) and also across regions 
(Dixie Alley and Tornado Alley).  Data were analyzed in SPSS, using descriptive 
statistics, such as frequencies, and inferential statistics, such as Mann-Whitney U, 
Kruskal-Wallis H, and the Chi-Square significance test.  Qualitative data collected 
through open-ended questions were analyzed through content analysis.  Words and 
themes were mined to support and clarify findings from the quantitative responses.   
Results 
Message Understanding 
Warning messages must be received but they must also be understood to have the 
intended affect (e.g. taking shelter).  People are less likely to take protective actions if 
they do not understand the information provided (Ripberger et al. 2014).  A tornado 
watch is issued when conditions are favorable for tornado formation, and a tornado 
warning is issued when a tornado has either been spotted or rotation has been indicated 
by radar, which could signify a tornado.  Forecasters and EMs have recognized that the 
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public confuse or misunderstand the meaning of the tornado watch and tornado warning 
messages.  
NWS forecasters and EMs were asked to rate how well their residents understand 
the meanings of a tornado watch and a tornado warning (Chapter 4).  Overall, these 
professionals were not very confident that residents completely understood the meaning 
of these two terms.  A few commented on how residents tend to confuse them by relating 
them to personal experiences. For example, one forecaster shared:  
One person told me they felt a warning was less important than a watch 
because one time they got pulled over for speeding and were “only given a 
warning” rather than a speeding ticket. 
People use common experiences to understand what these terms mean. Some forecasters 
and EMs specifically mentioned that education and outreach from their offices and from 
broadcast meteorologists had improved resident understanding in their region/county.  
However, others mentioned that even with education, people continue to confuse the 
terms. 
The results revealed differences of opinion among professionals for how well the 
public understands the meaning of a tornado watch.  Among forecasters, eight percent 
believed residents in their region completely understand the meaning of a watch, while 33 
percent of EMs believed their residents completely understand the meaning (Figure 6-3).  
When considering the tornado warning, the confidence in complete understanding was 
slightly higher (NWS = 33 percent; EMs = 46 percent) with no significant difference 















Residents were given the opportunity to demonstrate their understanding of the 
tornado watch and tornado warning messages by responding to the following open-ended 
prompt: Describe the difference between a tornado watch and tornado warning.  Results 
from residents deviated from the perceptions of professionals outlined above (Figure 6-4 
and Figure 6-5).  Resident descriptions were collected in an open-ended question; based 
on the accuracy of the description, responses were assigned as either “completely 
understood”, “partially understood”, or “not understood at all”.  For a tornado watch, 74 
percent of residents completely understood the meaning of this message.  These were 
residents who understood that a tornado watch means that weather conditions are 
favorable for tornado formation.  For the tornado warning, residents also understood that 
this message was more severe than a tornado watch, with 78 percent describing the 
meaning of the term accurately.  Interestingly, a complete understanding of the watch and 
Figure 6-3. Significant difference between EMs and forecasters 
on how well they perceive residents completely understand a 





















warning terms did not result in responses that were significantly different than residents 






















Figure 6-4. Perceptions of resident understanding by forecasters and 
EMs (Professionals) compared to actual resident understanding. 

























Figure 6-5. Perceptions of resident understanding by forecasters and EMs 
(Professionals) compared to actual resident understanding. Significant 




























Studies have shown that people tend to mix the terms (Mitchem 2003; Silver 
2015), but only seven percent of residents in this study confused the terms when 
describing the meaning.  Some of this may be attributed to experience and location within 
a tornado region.  People may not be able to exactly describe the true definition of a 
tornado watch and a tornado warning, but they have a general understanding. When 
comparing all responses between Tornado Alley and Dixie Alley, there were no 
significant differences in levels of understanding across region-groups.     
One point to be made about the EMs that serve the communities surveyed is that 
these managers have a fairly good perception of their residents.  The Dixie Alley EMs 
both said that their residents completely understood a tornado watch (67 percent of 
residents), and partially understood a warning (61 percent of residents).  In Tornado 
Alley, one EM perceived that their residents completely understood a watch (74 percent 
of residents) but that they completely understood a warning as well (14 percent of 
residents).  The other manager believed the public had a partial understanding of the 
watch (3 percent of residents) as well as a partial understanding of the warning (58 
percent of residents).   
While the majority of the residents completely or partially understood the 
message meaning, an important element that the professionals overlooked was the portion 
of the population who do not understand the messages at all.  For tornado watches, 23 
percent were unable to correctly describe the meaning, and for tornado warnings, 17 
percent could not describe the meaning. A few residents expressed a desire for more 





The warning system purpose extends beyond informing residents to initiating 
protective actions, such as taking shelter, as a form of persuasive communication.  EMs 
were asked to describe their level of confidence that residents took protective action 
when a tornado warning is issued.  While 13 percent were completely confident; nearly 
78 percent were partially confident.  Thirty percent of residents indicated that they always 
take shelter, with 25 percent saying they rarely or never take shelter (Table 6-3). 
Additionally, residents over 45 are more likely to always shelter than younger adults.    
 
Residents in Dixie Alley are less likely to take shelter than residents in Tornado 
Alley.  Residents were asked if they had access to a storm shelter, and those in Dixie 
Alley reported significantly less access than those in Tornado Alley (Table 6-4).  The 
lack of shelters may contribute to the low self-reported sheltering for Dixie Alley; in 
other words, residents may not be ignoring the warnings.  In particular, the community of 
Hornbeak, TN had the fewest shelter options compared to the other communities, with 70 
Table 6-3: How often residents take shelter when a tornado warning is issued.   
Community1 Always (%) Sometimes (%) Rarely (%) Never (%) 
Mankato, KS 37.1 48.6 11.4 2.9 
Stockton, KS 33.3 55.6 8.3 2.8 
New Houlka, MS 28.6 38.1 23.8 9.5 
Hornbeak, TN 10 35 50 5 
Region2 Always (%) Sometimes (%) Rarely (%) Never (%) 
Tornado Alley 35.2 52.1 9.9 2.8 
Dixie Alley 19.5 36.6 36.6 7.3 
Overall 29.5 46.4 19.6 4.5 
1 Significant difference among communities. (2 = 19.78, p = .019) 
2 Significant difference among regions (2 = 14.15, p = .003) 
- Significant difference among age groups (2 = 20.316, p = .002) 
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percent of residents reporting no access to an adequate storm shelter.  The lack of shelters 




Once a warning is issued, there are several actions that residents take. Selecting 
from a list of actions, just over half of the residents indicated that they immediately take 
shelter when a warning is issued; however, residents over 45 are significantly more likely 
than younger adults to immediately shelter (Table 6-5).  It is interesting to note that when 
asked directly if they take shelter, only 30 percent of residents said they always take 
shelter.  Most will watch the news and/or call family and friends.  Some will seek 
confirmation or go and look for the tornado. The one action that was different among 
communities was listening to weather radio; residents in Mankato, KS are more likely 




Table 6-4: The percentage of residents with or without access to shelter. 
Community1 Yes (%) No (%) 
Mankato, KS 100 0 
Stockton, KS 97.2 2.8 
New Houlka, MS 61.9 38.1 
Hornbeak, TN 30 70 
Region2 Yes (%) No (%) 
Tornado Alley 98.6 1.4 
Dixie Alley 46.3 53.7 
Overall 79.5 20.5 
1 Significant difference among communities. (2 = 49.96, p < .001) 
2 Significant difference among regions (2 = 43.48, p < .001) 
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Table 6-5: How residents respond after a tornado warning is issued. 
 Yes (%) No (%) 
Seek Confirmation 30 70 
Listen to Weather Radio1 38 62 
Immediately take Shelter2 51 49 
Look for Tornado 35 65 
Watch News 68 32 
Call Family/Friends 58 42 
Ignore 1 99 
1 Significant difference among communities. (2 = 16.03, p = .001) 
2 Significant difference among age groups. (2 = 9.369, p = .009) 
   
 
Understanding the behavior of survey respondents after receiving a tornado 
warning was a key part of this dissertation.  Hearing a warning siren was by far the 
greatest influence on the decision to take shelter, with 64 percent indicating this as an 
important factor; however, hearing a siren is more influential for those over the age of 45 
(Table 6-6).  Dixie Alley residents were less likely to take shelter after hearing a warning 
siren than residents in Tornado Alley.  Many residents in Dixie Alley indicated that they 
do not have access to a warning siren; therefore, this platform has less of an influence in 
those communities. Environmental conditions, such as seeing weather conditions 
worsening, seeing a tornado, and hearing a tornado were also some of the most influential 
factors for protective action.  NOAA weather radios were the least influential, but there 
was a significant difference among age groups, with residents over 65 more likely to be 







Table 6-6:  What influences residents to take shelter. 
 Yes (%) No (%) 
Hearing a warning siren1,2,3 64.3 35.7 
Recommendation from local broadcast meteorologists  43.8 54.5 
Receiving a call or text from a friend or family member 37.5 62.5 
Seeing weather conditions worsen 49 51 
Seeing a tornado 53.6 46.4 
Hearing a tornado 42.9 57.1 
Receiving an alert on your cell phone 25.9 74.1 
NOAA weather radio alert4 24.1 75.9 
1 Significant difference among communities. (2 = 11.32, p = .01) 
2 Significant difference among regions (2 = 9.07, p = .003) 
3 Significant difference among age groups (2 = 7.783, p = .02) 
4 Significant difference among age groups (2 = 8.168, p = .017) 
   
 
  When asked what factors contribute to one’s decision to not take shelter, out of 
the 72 responses to an open-ended question, 32 percent referred to environmental 
conditions (Figure 6-6). These residents observe the conditions at that moment and at 
their location to assess whether they actually need to take shelter.  Others referred to 
different platforms that they consult when they hear a warning.  For example, they may 
learn from the media or radar images that they are not in the direct path.  Several EMs 
also shared that residents tend to be complacent or too relaxed when it comes to severe 
weather.  A small number of residents seemed to have this view when they mentioned 
that they had never had an experience with a tornado at their location.  For that reason, 
some believe it will not happen there and therefore do not take shelter. Table 6-7 includes 
descriptions and comments from residents for each factor listed in Figure 6-6, and Table 


























Table 6-7: Factors linked to resident choice not to shelter.  






“How bad the weather is outside at the time.” 
 
“I will see or hear a tornado and then seek shelter.” 
 
“Severity of clouds, wind, color of clouds, rotation.” 
 




sources, such as 
radar, sirens, and 
the media 
“If a warning is issued, I pay attention to information 
sources to determine if it is a threat.” 
 
“Watching the weather radar images.” 
 
“That’s when we watch the radar to see its direction and 





“Depends on where I am at the time, and if I’m near 
shelter.” 
 
“I go to shelter if there is one available.” 
 
“Do not have one.” 
 
“Tornado shelter is over 1 mile away.  Elderly parents 




















Figure 6-6. Factors for Not Taking Shelter 
111 
 







“All depends on just where the severe weather is 
occurring in relation to my location. If it’s more than 20 
miles away, I wait it out not in shelter. If it comes closer 
and headed in my direction, I head to shelter.” 
 
“If the tornado was not in our area of the county or was 
going away from us on radar.” 
 
“Sometimes the tornado is not near my house even though 




“Live in rural Kansas entire life – the warnings are very 
important but also utilize my experience with determining 
need for shelter or just staying inside.” 
 
“That we have never had a tornado touchdown this close 
to my location.” 
 




“Just not scared of weather.  When God’s ready for you, 
taking shelter will not help.” 
 
“No fear, when it’s time to go, it’s time to go.” 




“Unless it’s nighttime, we will be able to see a tornado 




“I want someone to confirm that there is a tornado on the 
ground headed toward me before I go anywhere.” 
 
 
Table 6-8: Emergency Manager Comments on Resident Response Level  
Apathy – the fact that they occur VERY often in our region contributes to apathy. 
Recent events through the region/state.  It does not take long for complacency to set in 
for anyone. 
Some communities rely on outdoor weather warning sirens, but many communities do 
not have sirens.  Sires are not necessarily activated immediately during a tornado event.  
Many people do not pay attention to advisories or watches and are largely unprepared to 
take appropriate actions when warnings are issued.  
Overwarning and complacency 
They always want to “see” the tornado, so often wait too long. 
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Table 6-8: Continued 
Residents are getting to relaxed when a warning is issued and nothing happens.  It is hard 
to keep people on the ready over years.   
Depends if it is day or night.  
Availability of shelters 
People still want to try to see the tornado.  While some take cover, others go outside 
thinking they will have time to take cover if it gets close enough.   
 
 There is some overlap in responses from the residents and emergency managers. 
Both groups mention experience, shelter availability, and time of day as factors that 
influences the decision to shelter.  While some emergency managers mention that over-
warning is an issue, residents did not indicate that this was a factor in their decision-
making process.      
 
Warning Communication 
 Overall, residents perceive tornado risk communication to be affective in their 
communities (72 percent).  Further, residents are content with the platforms available to 
receive tornado watch/warning information (78 percent). Yet, 13 percent considered 
communication as only partially affective and 15 percent find the current process not 
affective at all.  Though these residents displayed no differences in behavioral actions, 
such as sheltering, they were more vocal about ways to improve the communication 
process.  They were also more likely to suggest they needed more time during the 
warnings (2 = 14.293, p = .006).  
There were about 30 percent of residents who felt that they faced barriers when 
trying to access weather warning information (Table 6-9). These residents expressed 
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concern for the elderly with hearing issues; lack of warning sirens; and lack of cable 
television as some of the barriers they face. However, in general, residents felt that they 
were well informed about tornado risk (92 percent) and felt that they were well informed 
for morning (81.2 percent) and daytime (92.5 percent) events.  For late night events, 
fewer residents agreed that they were well informed (64 percent), and some residents 
expressed concern about night time events; requesting better coverage overnight.    
 














Generally informed about tornado 
risks 
29 62.6 6.5 .9 .9 
Well informed during a daytime 
event 
32.7 59.8 5.6 1.9 0 
Well informed during an early 
morning event 
25.5 55.7 14.2 3.8 .9 
Well informed during a late night 
event 
25.5 38.7 22.6 12.3 .9 
Are knowledgeable of the role and 
resources of the local emergency 
management agency 
10.2 42.6 25 19.4 2.8 
Have suitable avenues available to 
receive warning information 
20.6 57 13.1 9.3 0 
Face barriers in accessing weather 
warning information 
8.5 21.7 28.3 38.7 2.8 
 
 
Finally, residents were invited to share ideas for improvements to the 
communication process.  The most frequent response was timing; residents want longer 
lead times.  Encouraging the use of weather radios or providing them to residents, 
especially those in poverty, was another recommendation mentioned by several 
respondents.  Determining better ways to get information to the elderly or the hard of 
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hearing was a request by some, and there were even a few who requested that the 
community be included in the communication process.   
  Residents also had comments directed specifically to EMs and forecasters.  These 
communities want to be warned, and with enough time, but they also do not want to be 
over-warned.  There were several comments about how the warning areas are too large 
and how they desire more specific information, summed up by this New Houlka resident:  
I would like it to be more specific. Giving a warning for my county 
doesn’t really help.  It could be anywhere.  False runs to the closet can 
make people lax.   
 
There were 43 responses to an open-ended question about ways to 
improve the communication process and out of those responses, 18 (42 percent) 
referred to the outdoor warning siren. While outdoor warning sirens are only 
meant to be heard outdoors, residents still expect to hear them indoors. Several 
mentioned that the sirens needed to be louder because they cannot hear them 
inside. There were also a few comments about the overuse of the sirens: “Stop 
using siren for fires and noon whistle” was a response from one resident in 
Mankato, KS.  Another resident in Mankato expressed confusion: “Is it one siren 
for warning and then a second for all safe? Confused on this.”  Better 
communication about the role and function of the outdoor warning sirens 
certainly needs to be addressed in these communities.   
 
Platforms Preferred 
The platforms that residents prefer to use for warning information were compared 
with platforms that EMs think residents prefer.  While EMs did correctly view television 
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as the most preferred platform, from there, perception and reality diverged; residents did 
not prefer the platforms that EMs expected.  Due to the general popularity of text 
messaging and social media, EMs may have assumed that residents would have a higher 
preference for these platforms.  However, very few residents prefer these platforms as 
their primary warning source.  Many of the EMs indicated that outdoor warning sirens 
are the most successful in reaching their audience, and 17 percent think that residents 
prefer this platform.  However, this platform was only preferred by seven percent of 
residents; even though the sirens had the most influence on protective action decisions.  
The platform EMs wish residents would rely on to access weather information also 
deviated from what residents prefer.  EMs prefer residents use NOAA weather radios but 
very few residents prefer this platform.  These findings suggest that the platforms 
residents prefer does not match the platforms EMs think they prefer or wish they would 
use for warning information.  
  
Table 6-10: Platforms preferred by residents compared to the aggregated responses of all 
emergency managers (EMs).  EM preference refers to the platforms they prefer residents 
use (second column) and EM perception refers to the platform they think residents prefer 
(third column).  Values are percentages (%).  Bold values are addressed in the text above. 








Television 44 10 31 
Smartphone Apps 17 3 7 
NOAA Weather Radio 8 41 6 
Outdoor Warning Sirens 7 0 17 
Internet (not social media) 7 0 0 
Text Messages 4 13 24 
AM/FM Radio 4 0 7 
Social Media 2 0 22 




Professional Interaction  
The NWS operates on a regional scale with each Weather Forecast Office 
responsible for an area that includes 20-50 counties (National Weather Service 2016).  
About 71 percent of forecasters report that their office is engaged with the public often or 
all of the time.  Two ways that forecasters interact with the public is through the 
SKYWARN Storm Spotter Program and through social media.  Storm spotter classes 
help residents to identify and describe severe storms (SKYWARN 2016), and they give 
residents good information about how to respond in severe storm situations.  Forecasters 
reported that on average, they conduct about 24 spotter sessions a year with an average 
attendance of 31. However, only ten percent of resident respondents have attended a 
storm spotter class; though some residents expressed a desire for more classes and 
information in their communities.   
NWS forecasters noted that attendance at storm spotter classes were higher when 
the EM was engaged with the community. Given the scale of responsibilities (1 county 
typically for an EM; 20-50 for a NWS forecaster) the level of engagement and resident 
expectations for engagement are quite different.  About 43 percent of EMs are engaged 
with residents often or all of the time.  There are variations across the four study 
communities where some residents expressed that their EM does a good job and 
understands what their community needs. However, others did not know who the EM 
was or what they knew about their community.  
Resident trust in the forecaster and the EM can have an impact on whether they 
take protective action or not. For example, residents with higher trust in broadcast 
meteorologists were more likely to take shelter at their recommendation (2 = 7.66, p = 
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.02) (Chapter 5). Together these observations demonstrate how engagement and trust can 
have beneficial outcomes. The EM role is key given residents appear to be unsure how to 
act after they receive the tornado warning from the platform they prefer; suggesting that 
life-safety information is more often the missing piece of the puzzle rather than 
understanding the warning message itself.         
Discussion 
Residents in these study communities generally understand the meaning of a 
tornado watch and a tornado warning, and residents have access to multiple platforms; 
though the specific platforms may vary from one place to the next. Professional 
forecasters and emergency managers lack a confidence that residents understand warning 
messages, and may seek ways to better educate residents.  While it is important for 
education and outreach campaigns to continually address and maintain understanding of 
warning messages, residents lack information and confidence in what protective actions 
the warning should trigger.  Most residents take some type of action when a warning is 
issued, but that action may focus on seeking additional information to confirm that 
sheltering is necessary.  Many residents do not appear to have a plan of action formulated 
prior to a warning and are therefore making, rather than implementing, a plan when the 
warning is issued.  Due to their close interaction with their communities, the EMs are in 
the best position to help residents develop their plan beforehand so that they are ready to 
implement when the warning is issued.   
By exploring influences of protective action with platform access and platform 
reliance, we can determine what platforms are best suited for individual communities.  
Specific platforms can also have an influence on protective action and if those platforms 
are not available, like outdoor warning sirens in Dixie Alley, then residents may be at a 
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disadvantage.  Even though these platforms may cause confusion, the public still depends 
on them. Communities that do have these sirens need to have a clear message as to the 
function of these platforms, and residents should know what to do when one sounds.  
EMs can help educate the public on the sirens, but they can also share other methods that 
may be more reliable.  
While rural communities may be at a disadvantage in terms of financial resources 
available, it has been argued that many rural communities are less vulnerable than one 
may think (Donner 2007; Dunn 2011).  Rural residents tend to have strong social capital 
to rely on during an emergency.  When a warning is issued, 58 percent will call friends or 
family to warn them of the danger and 38 percent say they are influenced to take shelter 
after receiving a call or a text from friends or family.  While 38 percent is not a large 
number, it is possible that the initial call or text brings attention to the situation and the 
person seeks out additional information.  Just as cell phone alerts and NOAA weather 
radio alerts may not have a big influence on protective action, a combination of platforms 
may.  For example, if someone receives a message on a weather radio, but no other 
source, they may not take shelter.  However, if they receive the warning on weather radio 
but then receive a call from a friend or family member, they may be more inclined to take 
shelter.  Though one single platform may not be considered the number one factor to 
influence protective action, it may be the initiator that leads to action.  Friends and family 
play a key role in getting information out, and EMs should find out who in the 
community would be good disseminators of information.  Just as the EM in an Alabama 
county during the 27 April 2011 tornadoes utilized Spanish speaking ministers to spread 
the warning message to the Hispanic community (FRAC 2012), EMs can also do the 
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same with other leaders in the community.  Those networks can take the place of 
platforms that are inaccessible in certain communities, like the outdoor warning sirens or 
the NOAA weather radios.   
Another factor that can influence protective action is the understanding and the 
observation of environmental conditions.  Rural residents tend to be more aware of their 
environment than urban residents (Donner 2007), and this study found that residents do in 
fact consider the environmental conditions when making decisions on the appropriate 
actions.  Observing the environment is the leading factor in why people choose not to 
take shelter.  Having a clear understanding of the environment is extremely important 
because when severe weather does occur, warning platforms may become inoperable.  
Teaching residents what to look for and when to take shelter without technology would 
be an invaluable skill that all residents should have.  The NWS storm spotter classes is a 
great way for residents in these communities to learn more about what weather conditions 
to look for before a severe storm. Unfortunately, only ten percent of this population has 
ever attended one of these meetings.  Encouraging those on social media to follow their 
local emergency management agency and the NWS, especially on Facebook where 
educational information can be shared, would be a possible substitute for the lack of 
nearby classes.   
Conclusion 
Communicating warning information to the public can be challenging for a 
diverse set of reasons. Residents have ideas about the best ways to communicate warning 
information in their communities and this study gives rural residents a voice in this 
process.  Listening to what residents say about the current communication and what can 
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be improved can be of benefit to forecasters and EMs.  Concerns that are found in one or 
more communities are likely to be found in other communities across the country; 
making these results transferable to other rural communities.  
There are many platforms that residents use to get warning information, and 
though access may vary from one place to another, residents are receiving and 
understanding the message. The next step is for them to act on that message, and while 
residents do take some form of action, it is not always protective action for life-safety.  
The professionals disseminating warning messages need to know what platforms their 
residents have access to and which of those platforms influence protective action.  
Additionally, knowing what platforms residents prefer and rely on will help the EMs to 
tailor their risk communication efforts to those platforms in order to reach the greatest 
number of people.  Even though the majority of residents felt that the communication was 
good in their community, there are still issues.  Thirty percent said that they faced 
barriers when accessing warning information and 15 percent said that the process was not 
affective at all. Engaging with residents can help emergency planners address those 
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Chapter 7:  Discussion and Conclusion 
This dissertation used a behavioral geographic approach to investigate the 
decision making process of rural residents as they receive, process, and take action based 
on weather warning information. The goal of this work was to understand the weather 
warning information available to rural residents; to determine the accessibility of both 
warning message content and dissemination platforms; and to reveal the communication 
preferences of at-risk rural residents. A series of three surveys were conducted and 
provide the basis for the findings of this dissertation.  The first survey was conducted at 
the national scale and collected information from National Weather Service offices; at the 
regional scale, a second survey collected information from county emergency managers; 
and finally at the local scale residents were surveyed. The findings for four specific 
research questions examined in this work are described and discussed below. 
 
Research Question #1: What platforms are accessible and used by rural residents to 
gather weather warning information? What patterns exist in accessibility and use? 
 
H1: Platforms are equally accessible between study regions. – Rejected 
H2: Platform use does not vary between study regions. – Rejected 
H3: Residents rely on newer rather than traditional platforms to access daily 
weather information. – Rejected 
 
H4: Residents rely on newer rather than traditional platforms to access severe 
weather information. – Rejected 
 
H5: Platform reliance is the same for daily weather information compared with 
severe weather information. – Rejected 
 
Platform accessibility was found to vary across the study regions.  Outdoor 
warning sirens, cable television, and NOAA weather radios were reported to be more 
accessible in Tornado Alley than in Dixie Alley (Table 7-1).  Differences in platform use 
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were reported for both daily weather and severe weather information across regions.  
Specifically, during severe weather events, residents report using local television and text 
messaging more in Dixie Alley, while residents in Tornado Alley report higher usage of 
AM/FM radio and NOAA weather radio.  Residents rely on traditional platforms more 
than newer platforms for both daily and severe weather information.  However, the 
platforms that they rely on for daily weather information are not necessarily the same as 
what they rely on for severe weather information. This suggests that residents associate 
platforms with specific types of information and that the context of that information 
seeking is particularly relevant during severe weather threats.  
 
Table 7-1: Platforms accessible and used in Dixie Alley (DA) and Tornado Alley 
(TA).  Shaded boxes represent significant differences between regions. Values are 
percentages (%).  DA: n = 43; TA: n = 71 
Platform 
Accessible Daily Use 
Severe  
Weather Use 
DA TA DA TA DA TA 
Outdoor Warning Siren 67 97 - - - - 
Cable Television 69 90 42 59 43 58 
Local Television 93 97 93 72 93 78 
AM/FM Radio 91 94 37 55 41 64 
NOAA Weather Radio 48 64 11.6 29.6 17 39 
Social Media 74 73 35 30 24 15 
Smartphone Apps 76 67 53.5 36.6 52 38 
Text Messages 79 70 28 14 29 13 
Internet (other than 
social media) 




While accessibility of platforms was found to vary between regions and between 
daily and severe weather cases, residents in the study communities have multiple warning 
platforms accessible to them.  Residents suggested two accessibility enhancements to the 
platforms that were available to them, but they were not seeking additional platforms.  
The two accessibility enhancements were: a densification of sirens; and increased access 
to local television stations, which can be limited in rural locations.  Together these 
observations suggest that attention focused on message content could yield greater life-
safety benefits than a focus on new or additional platforms.    
 
Research Question #2: What platforms are most preferred for gathering tornado 
warning information? 
 
H1: Residents prefer newer platforms, such as apps and social media, over more 
traditional platforms.  – Rejected 
 
H2: The warning platform that residents prefer matches the one emergency 
managers want them to prefer. – Rejected    
 
H3: Emergency managers’ perception of their resident’s platform preference 
matches the preferences residents report. – Rejected 
 
Television remains the platform most preferred by residents (Table 7-2). While 
emergency managers do understand that television is a leading preference, they 
overestimated the preference for outdoor warning sirens, text messaging, and social 
media, and they underestimated the preference for smartphone apps.  Emergency 
managers prefer that residents use NOAA weather radios over other platforms, but very 
few residents prefer this platform.  This preference dissonance is linked with other 
findings of this dissertation and has implications for addressing rural resilience. 
If we focus specifically on the emergency managers for the study communities, 
all four believe their residents prefer to receive information through phone/text.  Survey 
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responses do not support differentiating the specific phone/text function (SMS text 
messaging, smartphone apps, or even reverse 911 calls).  Regardless, the perceptions of 
these emergency managers do not match the preferences of their residents.  The table 
below summarizes preferences of two groups: all residents (n = 102) and all emergency 
managers (n = 52) (Table 7-2). 
 
Table 7-2: Platforms preferred by residents compared to the aggregated 
responses of all emergency managers (EMs).  EM preference refers to the 
platforms they prefer residents use (second column) and EM perception 
refers to the platform they think residents prefer (third column).  Values are 
percentages (%).  Residents: n = 102; EMs Preference: n = 29; EMs 










Television 44 10 31 
Smartphone Apps 17 3 7 
NOAA Weather Radio 8 41 6 
Outdoor Warning Sirens 7 0 17 
Internet (other than 
social media) 
7 0 0 
Text Messages 4 13 24 
AM/FM Radio 4 0 7 
Social Media 2 0 22 
Reverse 911 0  17 0 
 
  Understanding how people receive information is important, but understanding 
how people prefer to receive that information can provide insight about the type of 
information they are seeking.  Emergency managers prefer residents use NOAA weather 
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radios, but that platform does not give residents all of the information they need.  
Residents are seeking information about what to do in a hazard event, and they are 
looking for specific action-based advice.  Understanding this will allow emergency 
managers to meet this information need and expectation.  Emergency managers are 
uniquely positioned to provide response training for residents at a highly localized scale.  
 
Research Question #3: What sources of tornado warning information are most 
trusted by rural residents? 
 
H1:  Residents trust all sources equally. – Rejected  
H2:  Level of source trust does not vary between regions. – Rejected 
Resident trust in sources was consistent across regions for NWS forecasters, 
emergency managers, and friends/family, but significant differences were found in levels 
of trust for broadcast meteorologists.  Dixie Alley residents report higher trust levels in 
their local broadcast meteorologists than Tornado Alley residents report (Table 7-3).  
Trust also varied among sources, with NWS forecasters and local broadcast 
meteorologists having a higher level of trust than either emergency managers or friends 
and family. 
Trust in emergency managers is considerably lower than trust in broadcast 
meteorologists and NWS forecasters. This finding is important given the information that 
residents are seeking and the key role that emergency managers play in providing that 
information.  Open dialogue between the public and the emergency managers can build 
trust and credibility; partnering with local broadcast meteorologists in outreach programs 
may also be helpful in building community awareness, preparedness and establishing 





Research Question #4: What resilience characteristics of rural communities can be 
leveraged to support protective decision-making in the context of a tornado 
warning? 
 
Voices of residents inform findings for this research question; specifically, three 
characteristics of resilience were identified: knowledge and awareness; social and 
community cohesion; and emergency management resources.  While evident in varying 
degrees, each of the three were identified as relevant in all four study communities.  
Together these characteristics begin to suggest the roots of resilience that provide strong 
foundations when rural communities are tested by extreme weather. 
 
Understanding and Awareness 
The misunderstanding of tornado watch and warning messages has received 
considerable attention from both researchers and practitioners.  This work finds that 
residents demonstrate knowledge and understanding not only of the terms and their 
implications, but also for the environmental conditions associated with severe weather.  
This awareness and understanding provides a strong foundation for making protective-
Table 7-3: Trust in sources to give accurate information during severe weather events. 
Shaded boxes represent significant differences between regions. Dixie Alley (DA) 
responses compared to Tornado Alley (TA) responses. DA: n = 43; TA: n = 71 
 
Completely Partially 
Not at all/ 
Don’t Know 
Source DA TA DA TA DA TA 
Local TV 
Meteorologists 
78 45.5 22 50 0 4.5 
National Weather 
Service 
66.7 53.7 28.2 44.8 5.1 1.5 
Emergency Manager 38.9 41.9 27.8 30.6 33.3 27.4 
Friends and Family 32.5 37.1 57.5 59.7 10 3.2 
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action decisions.  Further, these particular rural residents identify “environmental 
conditions” as the leading factor in their decision to take shelter.  Findings suggest that 
watch and warning messages are causing residents to pay close attention to their 
surroundings and to seek additional information.  
 
Social and Community Cohesion 
Resilience and vulnerability research have determined that the social fabric of a 
place is a key factor driving how the consequences of a severe weather event are realized. 
This study reveals that close social relationships become activated during a warned-
weather situation.  Previous research has indicated that strong social capital increases the 
likelihood that a person will receive a warning message (Mileti and Fitzpatrick 1992; 
Mileti and Fitzpatrick 1993; Brotzge and Donner 2013). Residents in this study confirm 
those findings as a majority of them will contact friends/family when a warning is issued.  
Residents are also influenced to take shelter at the recommendation of friends/family.  
Having strong social cohesion not only makes warning messages more accessible, but 
also other resources, such as shelters.  However, this study found that there were regional 
differences in the availability of shelters, with Dixie Alley residents reporting fewer 
sheltering facilities available; undermining the power of their social capital.  
 
Emergency Management 
Emergency managers can also be a source of resilience. Unfortunately, this 
resource is not being capitalized on.  Resident survey respondents do not view their 
emergency manager as a resource.  Many residents across both regions do not know their 
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emergency manager or the role of the emergency management agency in their 
community.    
 
Contributions 
  There is concern among forecasters and emergency managers that residents are 
not receiving or understanding the warning messages.  There are several options that 
could be used to address this situation, including sources, platforms, and training.  
Having more sources of information may insure that residents receive reliable 
information, but residents are not requesting more sources; they currently have and trust 
multiple sources.  Adding new platforms to disseminate warning information may help 
more residents receive the message, but residents indicate that they have multiple 
platforms accessible to them. Training residents to understand the tornado watch and 
warning terms is important, but residents demonstrate overwhelmingly that they do 
understand the meaning of these terms.  Findings of this dissertation suggest that these 
traditional options will not address the overall problem of reducing tornado fatalities in 
rural communities.   
Respondents in these tornado prone regions generally understand the threat of 
tornadoes as well as the meaning of warning communication messages.  However, 
emergency managers and NWS professionals lack confidence in resident understanding.  
This lack of confidence is rooted in concerns about the protective actions residents take, 
or tend not to take.  This study suggests that when residents decide not to take protective 
action, there are often two drivers of that decision: 1. denial that a tornado will actually 
affect them; or 2. lack of an existing protective action plan.  People rely on their 
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understanding of environmental cues, past experiences, and even access to resources to 
make their decisions, but they do not necessarily have plans in place that are ready to be 
implemented immediately. 
Residents are aware of both their exposure to the tornado threat and their 
vulnerabilities and are seeking classes and information.  However, the classes they are 
seeking focus on the life-safety actions they should take when the tornado warning is 
issued rather than storm spotter classes offered by the National Weather Service.  
Similarly residents seek additional shelters rather than additional communication modes 
or platforms.  This highlights that residents are at a minimum not content with their safe 
place; and that they have not established a personal or family plan of action.     
While many resident respondents were satisfied with the communication process, 
recommendations for improvements were made; two of the most common were related to 
siren use policies and faster warning dissemination. Though residents may receive 
warning messages from multiple sources via multiple platforms many feel that they do 
not have enough lead-time. In reality, they are spending the limited time available to 
devise their plan rather than implementing one that is pre-established. Emergency 
managers are well positioned to foster a culture of severe weather action with residents in 
their counties.   
 In order to create a culture of action, the public needs to consider the places they 
occupy and how they navigate space. Then they should consider how they would receive 
a warning and their response to that warning for each of those circumstances.  Of course, 
emergencies do not unfold as we plan, but the process of planning leads to a prepared 
individual, family and community.  Ideally, when a ‘watch’ is issued, they will already 
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have a plan and will assess their situation to determine what they will do at their specific 
location.  Unfortunately, if the ‘watch’ message does not garner much attention and 
residents wait until a ‘warning’ is issued to plan, the limited lead time is lost.  Training 
residents how to respond and act without having to think is a process that will take time 
and dialog between forecasters, emergency managers, and residents. Communicating 
what residents should expect in terms of lead time will encourage them to develop plans 
prior to any threat of severe weather; refine those plans when a ‘watch’ is issued; and 
activate the plans when the ‘warning’ is issued.     
Many residents expressed the desire for warnings to be issued with longer lead 
time.  This request is interesting as only Stockton, KS has experienced a tornado recently; 
an F1 tornado impacted the town in 2005.  Quite interestingly, residents in Stockton did 
not request longer tornado warning lead times. Residents in Mankato, KS and New 
Houlka, MS have not experienced a direct impact from a tornado since 1992, both F1’s.  
Hornbeak, TN has never experienced a tornado.  Most of the respondents do not have 
experience, and they lack a frame of reference or clear expectations of how a tornado 
warning scenario will play out for their community.  Perceptions substitute for knowing 
what to expect and this study further confirms the observation that indirect experience 
can shape these perceptions. Major tornado events receive wide media attention, and 
people form perceptions based on the experiences of others (Slovic 1987).  Residents 
may identify with those affected or may be connected to the place directly impacted and 
ultimately “experience” the event, albeit indirectly (Wallace et al. 2015).  One emergency 
manager commented: “Residents are getting too relaxed when a warning is issued and 
nothing happens.  It is hard to keep people on the ready over years.” This dissertation 
136 
 
suggests that emergency managers can use recent experience from other communities as 
opportunities to keep residents attentive to preparedness and planning.  
Social capital was found to be very strong in these four rural communities, but it 
can be strengthened through the involvement of forecasters and emergency managers in 
the community.  Aldrich (2012) identifies three levels of social capital that are very 
important in emergencies; bonding, bridging, and linking.  First, bonding capital, which 
are the strong ties between an individual and their close circle of people, such as family, 
friends, and neighbors, were found to be strong in the study communities.  Second, 
bridging capital refers to weak ties outside of one’s circle that crosses social boundaries.  
Residents indicated a higher trust in the forecasters than the emergency managers; 
forecasters can serve as the bridge between residents and emergency managers by using 
that trust and credibility to encourage residents to seek information from emergency 
managers.  Finally, linking capital is a vertical link to someone with power and authority, 
such as a senator that can get state funds.  Linking capital can be applied to the role of 
emergency managers.  Emergency managers can serve as the link between residents and 
local decision-makers as well as the link between the community and both State and 
Federal emergency management.  These links open access to additional resources and 
information that residents may not have without this connection.  For example, residents, 
particularly in Dixie Alley, reported a lack of shelter.  FEMA offers grants and funding 
opportunities for safe-rooms and shelters that residents may not be aware of. The local 
emergency manager can link residents with these resources and address a critical concern 
residents have. Therefore, building relationships and trust between residents and 
emergency managers can serve as a foundation for creating a resilient community.     
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Finally, this dissertation provides implications for forecasters, emergency 
managers, residents, and researchers. Forecasters should know that during severe 
weather, their message is reaching the public and it is understood.  However, the public 
has unrealistic expectations about what the National Weather Service can provide.  For 
example, some residents requested more time for the warnings, but an increase in lead 
time means an increase in uncertainty.  Additionally, residents expect the warnings to 
contain detailed information about how they should act.  Forecasters and emergency 
managers working together can shift that expectation from the forecasters to the 
emergency managers.  While the forecasters provide the warnings, the emergency 
managers can provide the information about how residents should respond. Supplying 
residents with a clear set of expectations on normal-weather days may help increase trust 
and understanding during severe weather days, which can lead to better life-safety 
decision making by residents.   
Emergency managers can provide valuable information to the public about what 
to expect during hazard events, and they can help individuals develop a plan of action.  
To do this, emergency managers should push information to the public rather than wait 
for information to be sought out.  By pushing the information that residents need and 
often seek during an event beforehand, residents may come to see the emergency 
manager as a valuable resource for their community.  
One way that emergency managers can push information and build public 
awareness is through the local schools.  School age children can be a powerful motivator 
for households to take preparedness actions because the information they learn at school 
is often shared with their parents (Izadkhah and Hosseini 2005). Survey responses 
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revealed that emergency managers in rural counties have a higher level of interaction 
with their local schools than the urban or mixed rural/urban counties (2 = 26.84, p < 
.008). In many rural locations, the school is the anchor of the community (Lyson 2002), 
and this important element may be why more interaction is found in these communities. 
While it is not clear as to the nature of that interaction with the local schools, the 
relationship exists in many rural communities that can be leveraged to support 
information dissemination to households through children.     
While it is important for both forecasters and emergency managers to push 
information, it is also important for residents to seek out information.  Rather than 
waiting to be told what to do during an event, residents should utilize the resources that 
are available to them in order to develop a plan of action. Furthermore, they should seek 
information to gain a better understanding of the warning expectations during severe 
weather events.  Building resilience in the community can be related to developing social 
capital (Cutter et al. 2016).  Trust is a prominent factor for social capital where trust 
fosters stronger relationships that in turn empower residents be more proactive before a 
tornado watch is issued.  
There are also implications for researchers. Researchers have focused on the ways 
that residents receive warning information and how best to reach the entire population 
exposed to the threat.  Additionally, research has explored perceptions and understanding 
of warning messages.  However, residents demonstrate that neither access nor 
understanding explain their responses to the issuance of tornado warnings.  Rather, 
knowing what to do when a watch or warning is issued and being empowered to do it has 
emerged as the topic for critical attention.  This calls on researchers to shift attention 
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away from message content and pathways to warning behavior and action taking.  
Determining both the obstacles to preparation and planning as well as the rationalization 
process of residents who do not prepare during calm weather conditions are research 
areas of need.  These research needs have applied and practical implications while also 
building on the conceptual and theoretical foundations of hazards and disasters research. 
The importance of indirect experience and its impacts on perception and 
preparedness represent another emerging and under-explored area for research.  
Experience has long been recognized as exerting strong influence on perception as well 
as in motivating individual actions.  However, the role of indirect experience has been 
recently observed, where individuals not directly impacted by an event demonstrate 
responses previously only associated with direct experience.  The role of experience is 
therefore quite complicated and can be leveraged to promote a culture of action in ways 
previously not considered. This notion expands on the idea of experiential learning to 
include experience based on the perception of experience.  Understanding if the effects of 
indirect experience are short-lived or not; if distance from the community with direct 
experience matters; as well as considering the complex nature of disaster, perception, 
experience, and ultimately, behavior, are research priorities. 
 
This dissertation made four main contributions: 
1) Revealed variations in platform access, platform reliance, and trust of sources 
between and within Dixie and Tornado Alleys. 




3) Established that residents receive the watches and warnings, but lack an action plan to 
implement immediately upon receiving the communication. 
4) Documented that experience can be meaningful and motivating even if is not “direct.” 
 
Summary 
Forecasters and emergency managers are concerned about how well residents 
understand the meaning of a tornado watch and a tornado warning.  However, 
respondents demonstrated overwhelmingly that they do understand the meaning of a 
watch and a warning. Further, dissemination of the message on multiple platforms, with 
the development of newer platforms to reach a larger public, is a priority to forecasters 
and emergency managers.  Receiving the message, however, is not a problem for 
residents of the study communities as access and use of multiple platforms and sources 
(friends/family) were abundant in each.   
The kink in the chain of events appears to be after the message is received by 
residents rather than before.  Specifically, residents spend valuable and limited time 
determining what actions they should take rather than taking them.  Broadcast 
meteorologists are credited with providing critical information about what people need to 
do (e.g. go to a safe place), but they cannot provide specific actions on an individualized 
scale. The emergency manager can provide this link between the meteorologists and the 
residents but they are not recognized by residents as a resource. Resident respondents 
mentioned needing training and information, but topics of what to expect and how to act 
may be what is needed rather than storm spotter classes.  
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Emergency managers can also use the experience of others in their own 
communities to encourage their residents to plan ahead. Experience with a hazard has 
been found to be a motivating factor for preparedness action by the public, but disaster 
memory fades rapidly with time.  The respondents in this study indicated that experience 
can be meaningful and motivating even if it is not direct experience.  Events that happen 
nearby or make national news can be an opportunity for emergency managers to keep 
preparedness activities ongoing and fresh in the minds of their residents.   
 
Limitations and Future Research 
The primary limitations of this work can be attributed to sampling.  This study 
focused on four rural communities located within two different NWS Weather Forecast 
Office (WFO) coverage areas.  The communities were all rural and demographically 
similar.  This lack of community diversity and particular WFO focus provides a 
limitation in the sense that generalizability of results cannot be confirmed.   
While some of the counties selected have experienced a major tornado, the 
specific communities surveyed have never been impacted by a major tornado (EF3 – 
EF5).  Selecting communities with major experience would have made comparisons 
between direct and indirect experience more prominent.  This study also did not directly 
survey residents in urban communities.  Implementing the same resident survey in urban 
areas could identify the particular similarities and differences between urban and rural 
communities.   
This study utilized survey instruments as the primary data collection method.  
While each of the three surveys collected both quantitative and qualitative data, 
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interviews and focus groups could provide a richness in observations.  Additionally, 
interviewing local meteorologists would have provided perspective and insight into the 
challenges these professionals face when trying to reach their residents.  
Demographic data were collected on the survey but due to the small sample size, 
inferential analyses for the different population sub-groups (e.g. income level; education 
level) were restricted.  While some demographic factors were presented in this work, a 
larger sample size would have allowed for more detail into the actions and preferences of 
particular population groups.  Future work will expand the sample size in order to 
confirm or challenge previous research regarding factors that influence protective action.       
Determining social cohesion of the community and assessing how strong social 
capital is in the warning process was evaluated through various survey questions but was 
subjective and inferential.  Visits to the communities could have revealed and confirmed 
evidence of social cohesion. Participant-observation was beyond the scope of this 
dissertation research but findings confirm it is a priority step for future research. 
 
Future Research 
 Future research will investigate the action plans that people in rural communities 
have and will explore the motivations people have to establish those plans.  Additionally, 
future work will expand the scope of platforms investigated to include commercially 
available platforms, such as ALERT FM, Reverse 911, CodeRED, and Wireless 
Emergency Alerts (WEA). These platforms may fill the gap in locations where certain 
platforms are less accessible.  Future work will also investigate the social capital that 
exists within communities and determine if the nature and extent of social capital varies 
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between rural and urban places.  Along with the differences in relied on and trusted 
sources, the strength and function of social cohesion can be key to mitigation and 
preparation efforts. The expression and functioning of social cohesion within rural 
communities can prove vital to resilience capacity building.  Future work will investigate 
this social cohesion through case-studies using participant-observation and ethnography 
and will identify those characteristics that are common across case studies and ultimately 
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National Weather Service Survey 
1.  What National Weather Service Forecast Office or Region are you associated with? 
 
2.  How frequently are the following concerns regarding the warning process discussed in  
     your office?  Please check the correct box: Daily; Weekly; Monthly; Quarterly;  
     Annually; Never 
 
  Resources/Staffing 
  Size of County Warning Area 
  Resident experience/inexperience 
  Interpretation & use of warning message by the public  
  Partnership with broadcast meteorologists 
  Coordination with emergency management 
  Reaching exposed population 
  Other: 
 
3.  How many watches, warnings, and emergency statements did your office issue last  
     year for the following? Please include watches that were issued by the Storm  
     Prediction Center for thunderstorms and tornadoes. 
 
  Severe Thunderstorm 
  Tornado 
  High Wind 
  Flood 
  Flash Flood 
  Heat 
  Winter Weather (including ice storm, winter storm, heavy snow, etc.) 
  Other: 
 
4.  When was the last time your office had to issue 6 tornado warnings within a 24-hour  
     period?  Please provide the date if available. 
 
5.  Focusing on your forecast area, which of the following best describes the spatial  
     distribution of warnings issued over the last year (this question is specifically focused  
     on warning, rather than watch).   
 
a.  Evenly distributed among all areas b.  Clustered in rural population areas 
c.  Clustered in suburban population areas  d.  Clustered in urban areas 
e.  Clustered in uninhabited areas  f.  Clustered in business or industrial areas 
g.  Don’t Know  
 
6.  Please provide a description of the spatial distribution and areas which experience  
     greater numbers of warnings.   
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7.  Based on your experience, how accurately do the residents of your region understand  
     the meaning of a tornado watch?  
  a.  Completely             b.  Partially              c.   Not at all             d.   Don’t know 
 
8.  What factors influences the recipient’s ability to understand the watch message? 
 
9.  Based on your experience, how accurately do the residents of your region understand  
     the meaning of a tornado warning?  
  a.  Completely             b.  Partially              c.   Not at all             d.   Don’t know 
 
10.  What factors influences the recipient’s ability to understand the warning message? 
 
11.  Based on your experience, how accurately do the residents of your region understand  
       the meaning of a tornado emergency? 
  a.  Completely             b.  Partially              c.   Not at all             d.   Don’t know 
 
12.  What factors influences the recipient’s ability to understand the emergency message? 
 
13.  Please rate your office’s level of community engagement within your warning area  
       for the following:  All of the Time; Often; Sometimes; Rarely; Never 
 
  Residents 
  Businesses 
  Local Governments 
  Schools 
  Emergency Management 
 
14.  Please describe an example of community engagement that your office is currently  
       engaged in. 
 
15.  How many followers or friends does your office have on the following platforms? 
   Facebook:_____________               Twitter: ______________ 
 
16.  Does your office disseminate warnings via Facebook in addition to Twitter? 
 
17.  Which social media platform does your office think is the most effective and why?  
       What do you base that impression/perception on? 
 
18.  On average, how many community spotter training sessions does your office conduct  




19.  How many people attend those sessions on average? 
 
20.  Please describe any trends in participation based on community characteristics (ex.  


























Emergency Manager Survey 
 
1.  Please select the National Weather Service Office that works and forecasts for your  
     county.   
 
2.  Which category best describes your county?   
      a.  Rural     b.  Urban     c.  Suburban     d.  Mixed Urban/Rural     e.  Don’t Know  
 
3.  In your professional roles, how do you currently receive severe weather information  
     before an event? Check all that apply.  
  
  NOAA Weather Radio 
  Television 
  AM/FM Radio 
  Twitter 
  Facebook 
  Smart Phone Apps 
  Text Alerts 
  www.nws.noaa.gov 
  Other 
 
4.  In your professional role, how do you currently receive severe weather information  
     during an event? Check all that apply.   
 
  NOAA Weather Radio 
  Television 
  AM/FM Radio 
  Twitter 
  Facebook 
  Smart Phone Apps 
  Text Alerts 
  www.nws.noaa.gov 
  Other 
 
5.  Please select the frequency of engagement your office has with each of the following:    
     All of the time; Often; Sometimes; Rarely; Never 
 
  Residents 
  Businesses 
  Local Government Partners 
  Schools 
  National Weather Service 
  State Emergency Management  
  Local Broadcast Meteorologists 
  Other 
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6.  How does your office communicate with the National Weather Service before an  
     event? Select all that apply.  
 
  In Person (including teleconference/virtual meetings) 
  Email  
  Phone  
  Text  
  Social Media 
  Other 
 
7.  How does your office communicate with the National Weather Service during an  
     event? Select all that apply. 
 
 In Person (including teleconference/virtual meetings) 
  Email  
  Phone  
  Text  
  Social Media 
  Other 
 
8.  Has your county ever experienced a major tornado event (F4-F5/EF4-EF5)?   
  a.  Yes      b.  No      c.  Don’t Know  
 
If the answer was yes, then the following question displayed. Otherwise, they skipped to 
question #9. 
 
8a.  When was the last time your county experienced a major tornado event (F4-F5/EF4- 
       EF5)? 
 
9.  Based on your experience, how accurately do residents in your county understand the  
     meaning of the following?  Completely; Partially; Not at all; Don’t Know 
 
  Tornado Watch 
  Tornado Warning 
  Tornado Emergency 
  Severe Weather Advisory 
  Flash Flood Advisory 
  High Wind Warning 
 
10.  Based on your experience, please provide your estimate for each of the following: 
       Strongly Agree; Agree; Neither Agree or Disagree; Disagree; Strongly Disagree 
 
  Residents are generally informed about tornado risks. 
  Residents are well informed during a daytime event. 
  Residents are well informed during an early morning event. 
  Residents are well informed during a late night event. 
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  Residents are knowledgeable of the role and resources of your agency. 
  Residents have suitable avenues available to receive warning information. 
  Residents face barriers in accessing weather warning information.   
 
11.  How confident is your office that the residents in your county take protective action  
       when a tornado warning is issued? 
       a. Completely Confident         b. Partially Confident     
       c. Not at all Confident             d. Don’t Know 
 
12.  What factors contribute to the tornado warning response level of residents in your  
       county? 
 
13.  What platforms does your office routinely use to disseminate tornado warnings to  
        your residents? Select all that apply. 
 
Outdoor Sirens, Local Radio, Local Television, Telephone, Pagers, Facebook, Twitter, 
EMA Website, Text, Do Not Disseminate Warnings, Other  
 
14.  Please rank the platforms you use in terms of their success in reaching your residents.   
       (1 being the best) 
 
15.  Which platform do you think residents in your county prefer to receive warning  
       messages on?  
 
16.  Is there a platform that you wish residents in your county would use more frequently  
       when accessing/receiving warning information?   
  a.  Yes     b.  No     c.  Don’t Know 
 
If yes was selected, the following questions displayed.  
 
16a.  What is that platform? 
 
16b.  Why would you like to see more residents using this platform 
 
17.  How are the outdoor warning sirens used in your county? Select all that apply. 
 
  Tornado Watch 
  Tornado Warning 
  Severe Thunderstorm Warning  
  High Wind Warning 
  All Clear Announcement 
  Don’t Use Sirens  
  Other  
 
18.  Does your county have the capability to activate individual sirens? 




If yes was selected, the following question was displayed. 
 
19.  When a warning is issued, are the sirens activated for the entire county or for the  
       threatened area only?   
    a.  Whole County    b.  Threatened Area 
 
20.  What is the typical cycle time for the sirens in your county before they deactivate? 
 
Please provide any details or explanations regarding siren operation in your county.  
 
























































Please share your responses with us.  You are being invited to 
participate in a research study about warning platforms and rural 
communities. You are being invited to take part in this research 
study because you are a resident of a rural community in a region 
exposed to tornado events. 
 
The purpose of this study is to determine the tornado warning 
platforms that are available, accessible, and trusted by rural 
residents. Preferences in warning distribution are also explored. 
 
Confidentiality. All information collected in this study is strictly 
confidential, within the limits allowed by law. Survey responses 
will be attributed to a community but not an individual.  When 
analyzed, survey responses will not be attributed to an individual 
and when presented or published, findings    will be reported at the 
regional level only. 
 




Section 1 - General Weather Information  
 
1. On a daily basis, which sources of general weather information do you use? Check all 
that apply. 
 
_____ Local Television 
_____ AM/FM Radio 
_____ NOAA Weather Radio 
_____ National Weather Service 
_____ Weather Channel/Cable TV 
_____ Twitter 
_____ Facebook 
_____ Smartphone App 
_____ Text Messages 
_____ Family/Friends 
_____ Internet (other than social media) 
_____ Other _______________________ 




2. Indicate whether the following weather information sources are accessible to you, even 
if you do not use them.  
 
 
Platform Yes No 
Don’t 
Know 
Outdoor Warning Siren    
Cable Television    
AM/FM Radio    
NOAA Weather Radio    
Social Media (Twitter, Facebook, etc.)    
Smartphone Apps    
Text Messages    
Family/Friends    
Internet (other than social media)    
Other ___________________________    
Other ___________________________    
 
 
3. Considering all of the information sources available, name your preferred source, even 






4. Do you use social media on a regular basis? 
 
         _____ Yes          _____ No        _____ Don’t Know 
 
 
5. How often do you use social media to receive weather information?  
  
        _____ Always 
       _____ Sometimes   
       _____ Rarely    
       _____ Never   
       _____ Don’t Know  
 
 
6. Do you follow the National Weather Service on Twitter?   
 
_____ Yes          _____ No       _____ Don’t Know 
 
 
7. Are you friends with the National Weather Service on Facebook? 
 
_____ Yes          _____ No       _____ Don’t Know 
 
 
8. Please rank your level of trust for the following sources to give correct weather 
information. 
 
 Completely Partially Not at all Don’t Know 
Local TV Meteorologists     
National Weather Service     
Family/Friends     
 
 
Section 2 - Severe Weather  
 
We now turn our attention from daily weather information to concentrate on severe 
weather information.  
 
9. Which of the following sources do you rely on during a severe weather threat?  
 
_____ Local Television 
_____ AM/FM Radio 
_____ NOAA Weather Radio 
_____ National Weather Service 




_____ Facebook  
_____ Smartphone App 
_____ Text Messages 
_____ Family/Friends 
_____ Internet (other than social media) 
_____ Other _______________________ 
_____ Other _______________________ 
 
 
10. Do you check social media when a weather warning is issued? 




11. Rank how well you trust the following sources to give accurate information during 
severe weather events.  
 
 
 Completely Partially Not at all Don’t Know 
Local TV Meteorologists     
National Weather 
Service 
    
Family/Friends     
Local Police     
Emergency Manager     
 
 
12. Have you ever attended a public meeting regarding severe weather? 
 
_____ Yes          _____ No       _____ Don’t Know 
 
 
13. Have you ever attended a storm spotter class offered by the National Weather 
Service? 
 










Section 3 – Tornadoes  
  
We now move from severe weather in general to focus specifically on tornado events.   
 
14. When a tornado warning is issued for your location, which of the following would 
best describe your actions? Check all that apply. 
 
 _____ Immediately take shelter 
 _____ Seek confirmation from another source 
 _____ Go outside to see if you see a tornado 
 _____ Watch local news 
 _____ Turn on weather radio 
 _____ Call family or friends to warn them 
 _____ Ignore it and go about your normal routine 
 _____ Other _____________________________ 
 _____ Other _____________________________ 
 
 
15. Do you have access to a storm shelter (room/cellar/community shelter)? 
 
_____ Yes          _____ No           _____ Don’t Know 
 
 
16. When a tornado warning is issued, how often do you take shelter?   
 
    _____ Always      _____ Sometimes       _____ Rarely      _____ Never 
 
 
17. Which of the following is most likely to influence your decision to take shelter? 
 
 _____ Hearing the warning siren 
 _____ Recommendation from local broadcast meteorologists 
 _____ Receiving a call or text from a friend or family member 
 _____ Seeing the weather conditions worsening 
 _____ Seeing a tornado 
 _____ Hearing a tornado 
 _____ Receiving an alert on your cell phone 
 _____ NOAA Weather Radio Alert 
 _____ Other _____________________ 
 
 
18. If you choose not to take shelter, what factors contribute to your decision?  
 
 
19. Have you ever experienced a tornado warning? 
 
_____ Yes          _____ No          _____ Don’t Know 
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20. How many tornado events have you experienced in your lifetime?  
 
 
21. Have you ever experienced a tornado event in your current location? 
 
_____ Yes          _____ No          _____ Don’t Know 
 
If yes, how many tornado events have you experienced in your  current location? 
 
 
Please describe your experience.   
  
 
22. Describe the difference between a tornado watch and tornado warning? 
 
 
23. The National Weather Service will occasionally issue a Tornado Emergency. How 
confident are you that you understand what a Tornado Emergency represents?  
 
_____ Completely Confident 
_____ Partially Confident 
_____ Not at all Confident 




Section 4 – Communication  
 








 Agree Disagree 
Don’t 
Know  
My area is often overlooked for higher 
populated areas.  
   
My area is rarely mentioned.  
   
My area gets equal focus with other 
areas.   
   
They typically give my community 
enough time to take action.   





















Residents are generally 
informed about tornado risks. 
     
Residents are well informed 
during a daytime event. 
     
Residents are well informed 
during an early morning 
event. 
     
Residents are well informed 
during a late night event. 
     
Residents are knowledgeable 
of the role and resources of 
your local emergency 
management agency. 
     
Residents have suitable 
avenues available to receive 
warning information. 
     
Residents face barriers in 
accessing weather warning 
information. 
























Section 5 - Demographics 
 
31. Gender 




 _____ 18 to 24 years 
 _____ 25 to 44 years 
 _____ 45 to 64 years 




_____ Less than $10,000 
        _____ $10,000-$24,999 
        _____ $25,000-$49,999 
        _____ $50,000-$74,999 
        _____ More than $75,000 
 
 
34. Education Level 
_____ Less than High School 
_____ High School 
_____ Some College/Vocational 
_____ Undergraduate Degree 
_____ Graduate Degree 
 
 
35. How many children under 18 live in your household?  ________ 
 
 
36. How long have you lived in this community? _______________ 
 
 
37. Have you ever lived in an urban area? 
 
 _____ Yes        _____ No  _____ Don’t Know  
 
 
38. Do you have high speed internet at home? 
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